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ABSTRACT

Globally, coastal habitats are experiencing degradation due to the increase of human
population growth, development along coastlines, and a constantly changing climate. This
threatens the future production of critical ecosystem services such as shoreline stabilization,
water filtration, nursery grounds for marine fauna, and many more. To combat these losses,
resource managers are actively restoring coastal habitat. Past research suggests restoring
habitats has mixed results; numerous factors influence restoration success. This study is among
the first to assess the nekton community in the Matanzas River estuary and uses a BACI
experimental design to quantify the effect of habitat restoration on the nekton community.
Restoration sites are impacted wetlands with high elevation spoil piles that are leveled to
increase intertidal habitat, enabling recruitment of intertidal flora and use by fauna. Fyke nets
and seines were used to sample nekton. Over the course of 203 sampling efforts, a total of
39,857 specimens representing 62 unique taxa were collected. We compared samples collected
from non-restored sites, sites recently restored in 2019, and sites restored in 2011. To quantify
restoration success, nekton abundance, biomass, diversity, and indicator species were
quantified. Sites restored in 2011 had greater abundances compared to the non-restored sites.
No statistically significant differences in nekton community composition or nekton biomass
between treatment types were detected. Common Snook, Clown Gobies, Silversides, juvenile
Mullet, and Gulf Killifishes were indicator species demonstrating restoration success. Salinity,
site type, and secchi depth played important roles in predicting abundances and diversity.
These findings are consistent with recent restoration studies suggesting it can take years to see
quantifiable differences in nekton communities following habitat restoration. Additionally, our
work provides new insight on the positive ecological effects on nekton communities in restored
coastal estuaries by manipulating wetland elevation to promote recruitment of intertidal flora.

iii

ACKNOWLEDGEMENTS

I would like to thank the UCF community for all of the support that they provided along
the path to completing my master’s degree. It wouldn’t have been possible without all the help
provided through funding my teaching assistantships and the graduate courses offered at UCF.
I would like to thank my advisor Dr. Geoffrey Cook for all the support along the way.
Working with a fellow colleague of his in North Carolina for three years really inspired me to go
on to graduate school for marine sciences. I did not really know what to expect with Dr. Cook
because of the limited interactions I had with him and his current students, but along the way
he has helped me out tremendously. Thank you for all that you have done for me in the pursuit
of this degree.
I would also like to thank all my committee members that helped me along the way. Dr.
Linda Walters, Dr. Melinda Donnelly, and Jeff Beal have all provided me with great input on
how to improve my project ideas. Specifically, Dr. Melinda Donnelly for providing me with the
flora results for the restored vs. non-restored areas.
My lab mates and friends here at UCF have also supported me in many ways and I thank
them for all that they have done. I want to especially thank Jack Glomb, Brittany Troast, Adam
Searles, Jen Loch, Katie Durham, Elianna Grecul, Justin Meyer, Dakota Lewis, and John Buzby for
all the help that they provided me in the field.
None of this could have been possible without the help provided from Florida Fish and
Wildlife Commission and the volunteers that helped us on each of the sampling events. I met so
many great people on each of the sampling events and everyone was always so excited to hear
about how the fish are doing or listen to different fishing or research stories.
Last I want to thank all of my funding sources for this project. None of this would have
been possible without their support.

iv

TABLE OF CONTENTS
LIST OF FIGURES ........................................................................................................................................... vi
LIST OF TABLES ........................................................................................................................................... viii
CHAPTER 1: INTRODUCTION ......................................................................................................................... 1
CHAPTER 2: ASSESSING A FISH COMMUNITY IN THE MATANZAS RIVER, FLORIDA...................................... 7
Introduction .............................................................................................................................................. 7
Methods .................................................................................................................................................... 9
Study Region ......................................................................................................................................... 9
Field Sampling ..................................................................................................................................... 12
Results ..................................................................................................................................................... 14
Abiotic Environment ........................................................................................................................... 14
Biotic Community................................................................................................................................ 18
Discussion................................................................................................................................................ 27
CHAPTER 3: QUANTIFYING THE RESPONSE OF AN ESTUARINE NEKTON COMMUNITY TO COASTAL
WETLAND HABITAT RESTORATION ............................................................................................................. 32
Introduction ............................................................................................................................................ 32
Methods .................................................................................................................................................. 36
Study Site ............................................................................................................................................ 36
Biotic Sampling Procedure .................................................................................................................. 41
Data Analysis ....................................................................................................................................... 42
Results ..................................................................................................................................................... 45
Discussion................................................................................................................................................ 53
Conclusion ............................................................................................................................................... 62
Chapter 4: Conclusion and Management Implications............................................................................... 66
APPENDIX: CHAPTER 3 SUPPLEMENTARY FIGURES AND TABLES ............................................................... 72
REFERENCES ................................................................................................................................................ 83

v

LIST OF FIGURES
Figure 1: Map of study area in Flagler and Volusia Counties, FL. Circles are the fyke net and
seine sampling sites, black star is Gamble Rogers Memorial State Recreational Area, red star is
Bulow Creek State Park, and yellow star is North Peninsula State Park. ..................................... 11
Figure 2: A) Temperature, B) Salinity, C) Dissolved Oxygen(DO), and D) Secchi depth with
smooth conditional mean lines (shading is 95% CI). .................................................................... 18
Figure 3: Rarefaction curve of mean species diversity per catch with 95% confidence interval
(grey shading)................................................................................................................................ 21
Figure 4: Mean A) abundance, B) species richness, and C) evenness of all fishes and mobile
decapods over time (with 95% CI in grey). ................................................................................... 26
Figure 5: Map of study area in Flagler and Volusia Counties, FL. Blue circles are the three sites
that were not restored (Non-Restore), green circles are the nine sites restored in 2019 (2019
Restore), and the grey circles are the four sites restored in 2011 (2011 Restore). Three images
on the left show the satellite view for the study areas boxed in the right image, along with the
impacts of the mosquito ditching efforts to the study area......................................................... 38
Figure 6: Mean (± standard error) A) abundance of all fishes and mobile decapods by site type,
B) abundance of all fishes and mobile decapods per sampling event for each treatment type
over time with 95% CI, C) biomass of all fishes and mobile decapods by site type, C) biomass of
all fishes and mobile decapods per sampling event for each treatment type over time with 95%
CI. .................................................................................................................................................. 47
Figure 7: Mean (± standard error) A) abundance of only fishes, B) abundance of all five sport
fish species, C) abundance of blue crabs, D) abunance of penaeid shirmps by site type. ........... 48
Figure 8: nMDS of species assemblages for non-restored sites (blue circle), site restored in 2011
(green circle), and sites restored in 2019 (grey circle) with each dot indicating a specific sample
colored by site type....................................................................................................................... 49
Figure 9: Environmental fit test of nMDS using mean species assemblages per treatment type.
Each point represents the species assemblage of a group specific to the four different
treatment types. Environmental variables are in blue and the length of the vector represents
the relative influence of environmental variables on species assemblage. Domg = Dissolved
Oxygen, oysterdist = Distance to nearest oyster reef, watervolume = total water volume fished.
....................................................................................................................................................... 50
Figure 10: A) Mean (± standard error) abundance of Clown Gobies by site type, B) total
abundance of Clown Gobies per sampling event for each treatment type, C) Mean (+/- standard
error) abundance of Common Snook by site type, D) total abundance of Common Snook per
sampling event for each treatment type. ..................................................................................... 51
Figure 11: Mean (± standard error) A) abundance of Silversides, B) abundance of juvenile
Mullet, C) abundance of Gulf Killifish by site type........................................................................ 52
vi

Figure 12: Mean (± standard error) A) species richness, B) Shannon diversity, C) Simpson
diversity, and D) Pielou’s evenness of all nekton per sampling event for each treatment type. 73
Figure 13: Mean (± standard error) A) water volume, B) catch per unit effort (CPUE) per m^3 of
total water volume by site types. ................................................................................................. 74
Figure 14: Mean (± standard error) A) biomass of all fishes and mobile decapods by site type, B)
biomass of all fishes and mobile decapods per sampling event for each treatment type over
time with 95% CI. .......................................................................................................................... 74
Figure 15: Mean (± standard error) A) average mass of all nekton pooled and B) average mass
excluding large taxa (Flounders, Blue Crabs, and Atlantic Stingray) by site type. ....................... 75
Figure 16: nMDS of species assemblages for Fall (blue circle), Spring (grey circle), Summer
(green circle), and Winter (black circle) with each dot indicating a specific sample colored by
seasons. ......................................................................................................................................... 76
Figure 17: nMDS of species assemblages for Florida’s dry (blue circle) and wet (grey circle)
seasons with each dot indicating a specific sample colored by wet vs. dry seasons. .................. 77
Figure 18: Mean (± standard error) A) temperature, B) salinity, C) DO , and D) Secchi depth by
the most commonly sampled twelve sites. .................................................................................. 78
Figure 19: Graphical depiction of Bayesian output for abundance being predicted by the
additive effects of salinity and site type with 95% CI. Post-Restore = 2019 Restore sites........... 81

vii

LIST OF TABLES
Table 1: Fyke net YSI abiotic measurements with means, standard deviations (SD), and ranges
separated by seasons. Gamble Rogers = Gamble Rogers Memorial State Recreation Area; North
Peninsula = North Peninsula State Park........................................................................................ 17
Table 2: Sampling effort by gear for different seasons and State Parks. Gamble Rogers = Gamble
Rogers Memorial State Recreation Area; North Peninsula = North Peninsula State Park ........... 20
Table 3: Total catch of the top 5 numerically abundant taxa overall, for gear type, and State
Park. Percent of catch is calculated by taking total catch for a taxa over total catch. Gamble
Rogers = Gamble Rogers Memorial State Recreation Area; North Peninsula = North Peninsula
State Park ...................................................................................................................................... 22
Table 4: Total counts for all taxa by different seasons and state parks. Gamble Rogers = Gamble
Rogers Memorial State Recreation Area; North Peninsula = North Peninsula State Park ........... 23
Table 5: Indicator species by site type. Column A is indicating the probability of finding that
species at that particular site type among the other site types. Column B is indicating the
probability of finding that species at that particular site type. .................................................... 51
Table 6: Best fit GLM’s for predicting indicator species abundance. ........................................... 53
Table 7: Best fit GLM’s for predicting abundance, richness, Shannon and Simpson diversity, and
evenness. ...................................................................................................................................... 53
Table 8: Mean, standard deviation, and ranges for temperature, salinity, dissolved oxygen (DO),
and Secchi Depth by the twelve most commonly ........................................................................ 79
Table 9: AIC table of environmental variables for response variables of abundance, species
richness, Shannon diversity, Simpson diversity, and Pielou’s evenness for fyke net sampling
sites. AICc, delta AICc, degrees of freedom and the weight of the AICc score, and r-squared are
presented. Fourseasons = Spring, Summer, Fall, Winter; Wetvsdry = Florida’s wet and dry
seasons; Watervolume = Total water volume fished at each site; oysterdist = distance to nearest
oyster reef sampled sites .............................................................................................................. 80
Table 10: AIC table of environmental variables for response variables of Indicator species
(Clown Goby, Common Snook, Silversides, Juvenile mullet, and Gulf Killifish) abundance for fyke
net sampling sites. AICc, delta AICc, degrees of freedom and the weight of the AICc score, and rsquared are presented. Fourseasons = Spring, Summer, Fall, Winter; Wetvsdry = Florida’s wet
and dry seasons; Watervolume = Total water volume fished at each site; oysterdist = distance to
nearest oyster reef........................................................................................................................ 82

viii

CHAPTER 1: INTRODUCTION
Historically, fisheries management was focused on single species management, with
relatively little regard to multi-species or habitat interactions (Pikitch et al. 2004). Over the past
two decades more holistic ecosystem-based management (EBM) approaches have become
more common to help understand and manage the broader ecological community (Pikitch et al.
2004). These EBM approaches focus on how to improve parts of an ecosystem or an ecosystem
as a whole compared to past management plans that focused on a specific species. These
approaches have provided insight for fisheries managers and helped them understand the
various factors contributing to the success of a community and in turn help promote desired
responses from target species. The ultimate goal of ecosystem-based management is to
promote a balanced ecosystem (Pikitch et al. 2004). These holistic management strategies are
critical when it comes to understanding the impacts of habitat loss, habitat creation, or habitat
restoration/rehabilitation.
Over the past two centuries, aquatic and terrestrial habitats have experienced
degradation due to different factors such as overharvesting, eutrophication, climate change,
habitat destruction, pollution, habitat alteration (e.g. mosquito control), and urbanization (e.g.
Shantz 1954; Repetto 1990; Kennish 1997; Beck et al. 2001; Able 2005; Grabowski and Peterson
2007; Gedan et al. 2011). Globally coastal habitats have experienced many of these impacts
leading to significant losses in coastal habitat aerial coverage (Worm et al. 2006). A major
concern with the loss of these coastal habitats is the loss of the ecosystem services they provide
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(Dobson et al. 2006). In part, ecosystem services are resources provided by natural systems that
are utilized by humans or attributes that people care about (Palmer et al. 2004). Coastal
wetlands help provide shoreline stabilization, water filtration and quality, as well shelter,
refuge, and foraging areas for fishes (Haven and Morales-Alamo 1966; Miller et al. 1984;
Lenihan and Peterson 1998; Sherman and Duda 1999; Beck et al. 2001; Able 2005; Lotze et al.
2006; Coen et al. 2007; Gedan et al. 2011).
With the loss of these critical wetland areas, a pressing concern is the loss of the
essential fish habitat (EFH) (Rosenberg et al. 2000). Essential fish habitat includes any area used
by fish in any part of their life cycle including spawning, foraging, and refuge (Hsu and Wilen
1997). Past studies demonstrated that the abundance and production of many recreationally
and commercially targeted species are positively related to the level of habitat complexity (as
compared to bare substrates; Orth et al. 1984, Bell and Westoby 1986, Peterson and Turner
1994, Minello et al. 2003, Grabowski and Peterson 2007, Grabowski et al. 2008, Stunz et al.
2010, Gittman et al. 2016). Other past studies also suggest commercially important shrimp
populations correlate with the amount of wetland available but not the average depth or
volume of the estuaries themselves (Turner 1977), while blue crab abundance and commercial
landings of other estuarine dependent species in the eastern U.S. and the Gulf of Mexico
correlate with the ratio of marsh or wetland area/open water in many estuaries (Nixon 1980;
Seaman 1985; Zimmerman et al. 2002). Due to the increasing frequency of managers
implementing ecosystem-based management strategies, there has been a push to restore
habitats to help promote EFH and have a more balanced ecosystem as a whole. To date there
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have been studies looking at the impacts of degraded and restored habitats and surveying the
communities present in different coastal systems (Teas 1977; Broome et al. 1988; Kondolf and
Micheli 1995; Kindinger et al. 2001; Paperno et al. 2001; Ruiz-Jaen and Aide 2005; Cerco and
Noel 2007; Schulz et al. 2020). However, coastal restoration has had varying levels of success
due to there being numerous factors that influence the magnitude and response of habitats to
restoration strategies (Crooks et al. 2002). With the complexity of each ecosystem assessing
restoration success, particularly at higher trophic levels requires surveys and monitoring of
faunal communities and fishes in both degraded and restored areas before and after habitat
restoration.
Influenced by the great expanses of wetlands and high levels of seasonal rainfall in
Florida, there are high concentrations of mosquitos and midges that can pose human health
risks. The severity of mosquitos throughout Florida’s history is portrayed in a quote from Jesuit
Missionary, Brother Francisco in 1565, “...about a plague of mosquitoes of 3 months duration
during which the only relief was to remain close to the fire smothered by smoke.” (Rey et al.
2012), and to escape mosquitoes in the 1500s, Native Floridians would bury themselves
(Patterson 2004). Mosquitos are known to be vectors of many human diseases and each year
over one million people worldwide die from mosquito-borne diseases (Mehlhorn et al. 2012).
To address these threats to human health along the east coast of the United States, resource
management agencies started to manipulate marsh lands to where there was little to no water
on the marsh platforms in an attempt to control mosquito populations in the 1920s (i.e. many
species of mosquitos, including saltmarsh-dependent species, require standing water to
3

complete their early life stages). Three main habitat manipulations were used in brackish
saltmarsh habitats; impoundments, dredge and piles, and draglines or “mosquito ditches”.
Construction of impoundments consisted of piling sediment around a given marsh complex and
adding a water regulating device like a culvert, allowing for the regulation of the amount of
water on the marsh platform. Dredge and piles consisted of collecting and piling sediments on a
marsh platform to bury the existing marsh and raise elevation above mean sea level. To
construct the mosquito ditches or draglines, heavy machinery was used to create canals
throughout the marsh complex (Bertness 1999; Rey et al. 2012). In practice, these mosquito
ditches within shallow saltmarsh ecosystems would help drain the marsh platform within
several days of flooding, so there was an inadequate amount of water for mosquito larvae to
survive. When excavating the mosquito ditches the excess sediment would be piled up along
the shoreline, creating spoil piles. Spoil piles have a relatively high elevation with a steep slope,
decreasing the area of habitat found within the intertidal zone (Balling and Resh 1983). Starting
in the 1950s and again in the 1970s over 75% of the historic wetlands in Florida’s Indian River
Lagoon and Northern Central Basin had been impacted by these mosquito ditches (Clements
and Rogers 1964; Stevens et al. 2006). These ditching efforts were rather ineffective due to
mosquito ditches silting in and not being implemented near human populations (Clements and
Rogers 1964). Furthermore, the various mosquito control structures and marsh habitat
manipulations had the unintended consequence of negatively impacting local fisheries by
decreasing the area of EFH available to species using coastal wetlands as nursery habitat
(Sundblad and Bergstrom 2014). St. Johns Water Management District (SJRWMD) has worked
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with various partners (FWC, Volusia County, USFWS, Canaveral National Seashore) for the past
two decades restoring dragline ditches in northeast Florida using an innovative technique
involving amphibious excavators. For example, in 2011, the SJRWMD restored spoil piles
created from the excavation of mosquito ditches in Flagler County, Florida. To restore spoil
piles, they leveled out the piles to mean sea level to maximize the intertidal area where coastal
wetland flora could recruit, and fauna can find refuge and/or forage. Satellite imagery suggests
successful restoration of intertidal flora in these restored areas may take up to two years, but
quantifying restoration success solely on the basis of vegetative community recruitment fails to
capture secondary responses of the broader biotic community, including nekton.
To address this need, this thesis analyzes a fish community preceding and following
habitat restoration to help determine what factors drive the observed species abundances and
community composition. The results of this study can be used to develop recommendations to
provide for proper management of the fish community as the environment changes over time.
Chapter Two focuses on surveying the fish community of a northeastern Florida fish
community. In this chapter I determine the relative abundances and composition of fishes and
mobile decapods in the area and determine how these change over time. Environmental
parameters are also analyzed to determine what environmental factors are influencing the
abundances and community compositions. In Chapter Three I examine how fish abundance and
community compositions are influenced by a large-scale restoration project. This restoration
project is attempting to transform degraded upland habitat that once was coastal wetland back
into intertidal wetland. This alteration of the elevation maximizes the amount of intertidal area
5

for estuarine fishes and mobile decapods. This project has the unique ability to examine and
compare areas that were impacted but not restored, areas that underwent restoration in 2019,
and areas that were restored in 2011 and thereby allowing sufficient time for intertidal flora
recruitment. Environmental factors were analyzed to determine what abiotic factors influenced
the abundances and community compositions of the fishes and mobile decapods. These
findings can be used to determine the effects on manipulating shoreline elevation to maximize
the amount of intertidal area and promote wetland flora on the abundances and community
composition of the fishes and mobile decapods. This project will provide information that can
be used by natural resource managers to develop more effective restoration strategies for
impacted wetlands, quantify the overall fish community at a given point in time, and provide
understanding regarding how important coastal wetlands are to the fish and mobile decapod
communities.
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CHAPTER 2: ASSESSING A FISH COMMUNITY IN THE MATANZAS RIVER, FLORIDA
Introduction
Estuaries are comprised of many ecologically and economically important habitats that
promote high levels of biological diversity and productivity (Szedlmayer and Able 1996).
Estuarine species depend on these critical habitats for nursery grounds, foraging areas, and
spawning (Hsu and Wilen 1997). However, threats such as overharvesting, eutrophication,
climate change, habitat destruction and pollution are resulting in the loss of coastal habitats
(Kennish 1997; Grabowski and Peterson 2007). With the loss of these habitats, a primary
concern is the loss of the ecosystem services being produced (Dobson et al. 2006). In part,
ecosystem services are resources provided by natural systems that are utilized by humans or
attributes that people care about (Palmer et al. 2004). These losses of essential fish habitat
(EFH) are a major concern if we aim to move fisheries toward sustainability (Rosenberg et al.
2000). Therefore, it is imperative that abundances and distributions of estuarine fishes are
properly monitored, in addition to assessing small- and large-scale shifts in populations
(Karnauskas et al. 2015).
Over the past few centuries many coastal ecosystems have experienced declines in EFH,
including the losses of oyster reefs, saltmarshes, seagrasses, and mangroves (Dobson et al.
2006; Thampanya et al. 2006; Grabowski and Peterson 2007). As global climate continues to
change, relatively temperate areas that were once inhabited with saltmarsh have begun to shift
to mangrove-dominated systems (Cavanaugh et al. 2019). In addition to large scale climate
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related shifts, natural areas are also being impacted by different anthropogenic factors,
including the creation of mosquito control structures, hardening of shorelines with seawalls,
urbanization, wave energy from recreational and commercial boaters, and others (Steward et
al. 2005; Paperno et al. 2006). Globally both mangroves and saltmarshes have experienced
great losses in total aerial coverage with roughly 50% loss in saltmarsh and 35% loss in
mangrove habitat (Duke et al 2007). The states of Florida has witnessed nearly a 50% loss in its
total wetland area since the 1780s (Johnston 1994). Both habitats play critical roles in the
sustainability of fisheries; mangrove habitat alone is utilized by ~80% of fish landed globally at
some point of their life cycle (Sullivan 2005; Ellison 2008).
To try and move fisheries toward sustainability, managers worldwide are implementing
techniques including restoring/rehabilitating habitats, creating new habitats, implementing
new and improved fishing regulations, and placing other restrictions on recreational and
commercial fishers and boaters (Hooke and Bray 1995; Lü et al. 2012; Zedler et al. 2012).
However, the assessment and monitoring of the current fish communities within these
different habitats is critical to detect any impacts from climate change, quantify further
degradation of the habitats, or to assess the effectiveness of restoring/rehabilitating habitats
(Beck et al. 2001; Troast et al. 2020). In this study, we examined nekton assemblages in the
Matanzas River estuary over the course of 18 sampling efforts from March 2019 to June 2020
to document the relative abundances and species compositions found within two adjacent
state parks located within the Matanzas estuary across different seasons.
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Methods
Study Region
The Matanzas River estuary is a shallow estuary located on the east coast of Florida
(Figure 1). The estuary is wedged between two barrier islands and the mainland of Florida, and
is comprised of the Matanzas River, the intracoastal waterway, Smith Creek, and the Halifax
River (Figure 1). The Matanzas River estuary is defined geographically by three inlets and a
northern and southern region. The northern region stretches 13 km from St. Augustine Inlet
south to the Matanzas Inlet. The southern section runs from the Matanzas Inlet south to Ponce
de Leon Inlet and is 84km long (Mehta and Jones 1977). Salinity gradients in this region are
driven by freshwater inputs from the river systems, wind direction and speed, precipitation
patterns, water temperatures, and influences from the inlets (Sheng et al. 2008). Tidal ranges
also vary depending on distance from the inlets, wind direction and speed, and precipitation
patterns resulting in a gradient of tidal heights ranging from roughly 1m tides near the inlets to
0.6m or lower in the creeks or rivers that feed the Matanzas river estuary (Millitello and Zarillo
2000; Dix et al. 2008; Sheng et al. 2008). Furthermore, the salinity gradients and tidal ranges, in
addition to its latitudinal position along Florida’s east coast, make the Matanzas River estuary a
unique river system containing the northern limit of mangroves and the southern limit of
saltmarsh grasses, resulting in a habitat mosaic comprised of both mangroves and saltmarsh
coastal wetlands (Krauss et al. 2014; Osland et al. 2020).
The study region consists of three main state parks: Gamble Rogers Memorial State
Recreation Area and North Peninsula State Park. Starting in the 1960s these parks became
9

heavily influenced by mosquito control structures called “mosquito ditches” or dragline ditches.
The goal of this marsh manipulation was to minimize the amount of standing water on the
marsh platform to minimize mosquito larvae developmental habitat thereby controlling
mosquito populations (Clements and Rogers 1964; Stevens et al. 2006). The construction of the
mosquito ditches consisted of heavy machinery excavating canals, known as draglining,
throughout the marsh complex to help drain the marsh platform within several days of flooding
(Bertness 1999; Rey et al. 2012). When excavating the mosquito ditches the excess sediment
was piled up along the shoreline, creating spoil piles. The spoil piles are relatively high
elevation, with elevations up to one meter above mean sea level, resulting in the creation of
terrestrial habitat as opposed to intertidal habitat (Balling and Resh 1983). Upland vegetation
such as palm trees have become established in these high elevation sites, along with invasive
upland species such as Brazilian pepper (Schinus terebinthifolia) (Donnelly 2014). In 2011, the
Florida Fish and Wildlife Conservation Commission (Florida Fish and Wildlife Conservation
Commission 2019) restored high elevation/dragline-ditch areas in the Matanzas River estuary.
As part of this project, several coastal wetlands containing spoil piles adjacent to the Halifax
River were mechanically leveled down to mean water level using heavy machinery to minimize
the amount of dry upland area and maximize the area of intertidal habitat. Years following
restoration the effects on the vegetative community are noticeable and many intertidal species
like black mangroves (Avicennia germinans), cordgrass (Spartina alterniflora), perennial
glasswort (Sarcocornia perennis), and saltwort (Batis maritima) now inhabit the restored areas.
The restoration was deemed a success with respect to marsh flora recruitment, but it is
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unknown how it affected the nekton communities because, to my knowledge, there has never
been a nekton survey of this area prior to the habitat restoration. Furthermore, the marshes
within the study region have experienced degradation from the hardening of shorelines with
seawalls, urbanization, dredging, and wave energy from recreational and commercial boaters.

Figure 1: Map of study area in Flagler and Volusia Counties, FL. Circles are the fyke net and seine
sampling sites, black star is Gamble Rogers Memorial State Recreational Area, red star is Bulow
Creek State Park, and yellow star is North Peninsula State Park.
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Field Sampling
Mangrove and cordgrass habitats adjacent to Gamble Rogers Memorial State Recreation
Area and North Peninsula State Park were sampled from March 2019 to June 2020 (Figure 1).
Sampling occurred at sites impacted by mosquito ditching efforts but not restored, sites that
underwent restoration in 2019, and sites restored in 2011 with different levels of marsh flora
recruitment. Among these different sites there were noticeable differences in the marsh flora
and the percent cover of flora spanning the intertidal zone (Donnelly In Prep). Both the nonrestored sites and 2011 restored areas had higher percent cover of flora as compared to the
sites that were restored in 2019. The sites restored in 2011 mainly consisted of native intertidal
marsh flora such as black mangroves and cordgrass while the non-restored areas primarily
consisted of terrestrial species such as cacti (Opuntia spp.) and non-native Brazilian pepper.
Sampling these different habitats types enabled a more comprehensive understanding of the
fishes and mobile decapod assemblages of the study region.
Two gear types were used to sample fish assemblages in these areas, fyke nets and
seines. The length of the fyke net trap mouth to the cod-end is 3.65m, with a mouth opening of
0.69 x 0.99m and a net mesh of 3.18mm. The barrier nets are a total of 9.14m long with 3m of
the net placed onto the marsh platform; the narrow and wide ends of the barrier nets are 3m
and 9m apart, respectively. When the fyke nets are deployed they are fished at the 3m opening
of the barrier nets and the wings of the fyke net itself are used to close off the area and
standardize the total 2-dimensional area being fished across sites. Fyke nets were set at or near
slack high tide and fished for approximately five hours during the ebbing tide. As the tide ebbs,
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individuals using the intertidal portion of the study sites are forced to deeper water, and as
they encounter the barrier wings, they are funneled down toward the cod-end of the fyke net
(Neckles et al. 2002).
On the afternoon of the first half day of sampling the first six sets of wings (barrier nets)
are deployed at six of the twelve study sites. On day two, six fyke nets are deployed at these six
sites. Following retrieval of the fyke nets, the six sets of wings are placed out to soak overnight
at the remaining six study sites. On day three of each monitoring event, the next six fyke nets
are deployed similarly. During fyke net retrieval, sites that have standing water are disturbed
to drive organisms still inhabiting the intertidal habitat into deeper water before fyke nets
wings are used to close off the area.
The seines were 21.3m in length and 2m high, with a 2x2m center bag. Seines were
comprised of 3.2mm nylon netting with both a float and lead line. The 9.14m long barrier nets
were used to block off the tidal creeks and the seines were dragged ~50m at each site. The
barrier nets act as a physical barrier to ensure larger mobile fishes are captured. Large
specimens were processed in the field and the remaining specimens collected during each
monitoring event were placed in 95% ethanol and returned to the lab for identification to the
lowest possible taxonomic level. Standard length and mass were taken for ten haphazardly
selected individuals from each taxon. In addition, maximum and minimum standard lengths for
each taxon, total count, and mass of all individuals for each sampling site were recorded.
Abiotic measurements are taken at all study sites when fyke nets are deployed, including water
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temperature, salinity, dissolved oxygen (mg/L), and secchi disk depth (as a proxy for water
clarity/turbidity.
Sampling summary statistics were calculated for abiotic measurements using point
sample measurements taken during each fyke net sampling event. One-way ANOVAs and
posthoc Tukey HSD tests were used to test hypotheses about significant differences among the
seasons and State Parks. Shapiro-Wilk tests and homogeneity of variance utilizing Levene’s test
were used to assess normality. Temperature, salinity, and dissolved oxygen were logtransformed to better meet assumptions of normality. Using the R package ‘ggplot’ smoothed
conditional means were calculated with 95% confidence intervals for each of the abiotic
measurements to assess seasonal variability (Wickham et al. 2016). A rarefaction curve was
calculated by using the R package ‘iNEXT’ to assess that the sampling effort sufficiently sampled
the areas taxa. Both species richness and species evenness were calculated using the R package
‘vegan’ (Okansen et al. 2019). Species richness was calculated as the number of species present
in each sample. Pielou’s (species) evenness measures how similar species abundance is within a
given sample (Pielou 1966). All statistical analyses were conducted in R studio using the R
language for statistical computing (R Core Team 2019, RStudio Team 2018).

Results
Abiotic Environment
Abiotic sampling started in March 2019 and ended in June 2020. As a result, there were
more samples in Spring (March, April, and May) and Summer (June, July, and August) months.
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Across the entire sampling period, the mean (± sd) water temperature was 25.96 (± 5.24) °C,
salinity was 27.23 (± 5.68) ppt, dissolved oxygen was 6.81 (± 1.48) mg/L, and secchi depth was
0.55 (± 0.13) m (Table 1, Figure 2). Water temperature was significantly different each month
with the warmest temperatures in Summer (31.75 ± 2.41 °C) and the coldest water
temperatures in Winter (December, January, and February) (18.74 ± 1.89 °C) (all posthoc Tukey
HSD p values <0.05; Table 1, Figure 2). Salinity changed due to seasonal rainfall patterns in the
area. Salinity in Spring was significantly different from all three seasons (all posthoc Tukey HSD
p values <0.05; Table 1, Figure 2). Salinity was highest in the Spring (31.22 ± 2.40 ppt) and
lowest in the Summer (23.47 ± 7.68 ppt). Dissolved oxygen had relatively high variability in
each season, but Summer and Fall (September, October, and November) were significantly
different from all other seasons and Winter and Spring were significantly different from
Summer and Fall (all posthoc Tukey HSD p values <0.05; Table 1, Figure 2). Dissolved oxygen
was highest in the Winter (7.41 ± 1.24 mg/L) and lowest in Fall (4.97 ± 1.63 mg/L). Secchi depth
was different in Spring and Summer from Fall and in Winter compared to Summer (all posthoc
Tukey HSD p values 0.05; Table 1, Figure 2). Secchi depth was highest in the Fall (0.64 ± 0.12 m)
and lowest in the Summer (0.49 ± 0.12 m). As opposed to regions at higher latitudes, Florida is
considered to have two seasons, wet: ~May through October and dry: ~November through
April (Duever et al. 1994). Contrary to the typical four seasons data, data were relatively evenly
distributed between Florida’s wet and dry seasons. Considering Florida’s wet and dry seasons,
water temperature, salinity, dissolved oxygen, and secchi depth all significantly differed
between seasons (posthoc Tukey HSD values <0.05; Table 1). Water temperatures were highest
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in the wet season (30.05 ± 2.82 °C), while salinity, dissolved oxygen, and secchi depths were
higher in the dry season. Comparing Gamble Rogers Memorial State Recreation Area and North
Peninsula State Parks salinity and dissolved oxygen differed with salinity (28.94 ± 5.50 ppt) and
dissolved oxygen (7.18 ± 1.32 mg/L) being greater at Gamble Rogers Memorial State Recreation
Area (posthoc Tukey HSD values <0.05; Table 1).
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Table 1: Fyke net YSI abiotic measurements with means, standard deviations (SD), and ranges
separated by seasons. Gamble Rogers = Gamble Rogers Memorial State Recreation Area; North
Peninsula = North Peninsula State Park

2019 - 2020

Spring

Summer

Fall

Winter

Wet

Dry

Gamble Rogers

North Peninsula

Mean
SD
Range
Mean
SD
Range
Mean
SD
Range
Mean
SD
Range
Mean
SD
Range
Mean
SD
Range
Mean
SD
Range
Mean
SD
Range
Mean
SD
Range

Temperature (°C)
25.96
5.24
14.40 - 35.20
25.14
3.76
17.60 - 30.30
31.75
2.41
26.90 - 35.20
27.40
3.31
21.80 - 31.10
18.74
1.89
14.40 - 21.10
30.05
2.82
24.20 - 35.20
22.33
4.09
14.40 - 29.20
26.03
5.31
14.40 - 35.20
25.84
5.12
16.00 - 33.30
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Salinity (ppt)
27.23
5.68
14.00 - 35.00
31.22
2.40
27.00 - 35.00
23.47
7.68
14.00 - 34.00
23.81
3.07
20.00 - 33.00
26.35
3.61
20.00 - 32.00
25.84
6.71
14.00 - 34.00
28.46
4.21
20.00 - 35.00
28.04
5.50
14.00 - 35.00
25.82
5.72
14.00 - 34.03

DO (mg/L)
6.81
1.48
2.41 - 9.81
7.10
1.08
3.22 - 9.40
6.35
1.69
2.41 - 9.81
4.97
1.63
2.90 - 7.70
7.41
1.24
5.10 - 9.20
6.46
1.36
2.40 - 9.80
7.10
1.59
2.90 - 9.40
7.18
1.32
3.22 - 9.81
6.19
1.53
2.41 - 9.16

Secchi (m)
0.55
0.13
0.18 - 0.97
0.54
0.12
0.26 - 0.97
0.49
0.12
0.18 - 0.70
0.64
0.12
0.44 - 0.92
0.60
0.11
0.44 - 0.84
0.51
0.11
0.18 - 0.80
0.60
0.13
0.26 - 0.97
0.55
0.13
0.18 - 0.92
0.56
0.13
0.28 - 0.97

Figure 2: A) Temperature, B) Salinity, C) Dissolved Oxygen(DO), and D) Secchi depth with smooth
conditional mean lines (shading is 95% CI).
Biotic Community
A total of 39,857 specimens representing 61 unique taxa were collected from March
2019 thru June 2020 using both fyke nets and seines. Fyke nets accounted for a large portion of
the total sampling effort with a total of 203 samples and 28,392 specimens (Table 2). Seven
seines accounted for the other 11,464 specimens (Table 2). The one seining event with only
seven samples was conducted in Spring when the greatest amount of species were known to
recruit to the area. The seining helped us capture 5 new taxa and helped demonstrate that the
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fyke nets were adequately sampling the representative taxa of the area. A total of 131 samples
and 22,845 specimens were collected at Gamble Rogers Memorial State Recreation Area. A
total of 79 samples and 17,012 specimens were collected at North Peninsula State Park.
Rarefaction curves appeared to asymptote, suggesting that the sampling effort was sufficient to
properly represent the taxa of this region (Figure 3). The five most common taxa captured were
Anchoa mitchilli (Bay Anchovy, n = 13,062), Leiostomus xanthurus (Spot Croaker, n = 10,523),
Palaemonidae spp. (Grass Shrimp, n = 2032), Litopenaeus setiferus (Atlantic White Shrimp, n =
1,938), and Eucinostomus spp. (mojarras, n = 1871; Table 3). Bay anchovies were abundant
across all sites and comprised from ~5% of the catch in February 2020 to ~91% of the catch in
June 2020. These 5 commonly caught taxa comprised 73.82% of the total catch. The fyke nets
had the highest sampling effort and had similar species dominating the catches. The top 5 most
commonly captured taxa in fyke nets were Bay Anchovy, Spot Croaker, Atlantic White Shrimp,
Mojarras, and Diapterus auratus (Irish Pompano) (Table 3). The 5 most commonly caught taxa
in seines were Spot Croaker, Bay Anchovy, Grass Shrimps, and Micropogonius undulatus
(Atlantic croaker), and Atlantic White Shrimp (Table 3). The 5 taxa captured only by the seines
were Archosargus probatocephalus (Sheephead), Cyprinodon variegatus (sheepshead minnow),
Gerres cinereus (Yellowfin Mojarra), Sciaenops ocellatus (Red Drum), and Xanthidae spp. (mud
crab). The 5 most commonly caught taxa at Gamble Rogers Memorial State Recreation Area
were Spot Croaker, Bay Anchovy, Grass Shrimps, Mojarras, and Irish Pompano (Table 3). The 5
most commonly caught taxa at North Peninsula State Park were Bay Anchovy, Spot Croaker,
Atlantic White Shrimp, Clupeidae spp. (clupeids), and Mojarras (Table 3).
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Florida is home to many economically important sport fish species. Six of these species
of sport fish were captured during this study: Centropomus undecimalis (Common Snook),
Cynoscion nebulosus (Spotted Seatrout), Lutjanus griseus (Grey Snapper), Paralichthys albigutta
(Gulf Flounder), Paralichthys lethostigma (Southern Flounder), and Sciaenops ocellatus (Red
Drum). Due to these being higher trophic level species, the relative abundances were not as
high as some of the lower trophic level species, but a total of 129 sport fishes were captured
over the course of this study (Table 4). In Florida, both Callinectes sapidus (Blue Crabs) and
Penaeid shrimps (Litopenaeus setiferus and Farfantepenaeus spp.) are both commercially and
recreationally important species. A total of 307 blue crabs and 2,711 Penaeid shrimps were
captured during this study (Table 4).
Table 2: Sampling effort by gear for different seasons and State Parks. Gamble Rogers = Gamble
Rogers Memorial State Recreation Area; North Peninsula = North Peninsula State Park

Season
Fyke Net Seine
Spring
84
7
Summer
48
0
Fall
35
0
Winter
36
0
Dry
95
7
Wet
108
0
Gamble Rogers
128
3
North Peninsula
75
4
Total
203
7

Total
91
48
35
36
102
108
131
79
210
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Figure 3: Rarefaction curve of mean species diversity per catch with 95% confidence interval
(grey shading).
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North Peninsula

Gamble Rogers

Seine

Fyke Net

Overall

Table 3: Total catch of the top 5 numerically abundant taxa overall, for gear type, and State
Park. Percent of catch is calculated by taking total catch for a taxa over total catch. Gamble
Rogers = Gamble Rogers Memorial State Recreation Area; North Peninsula = North Peninsula
State Park

Taxon
Anchoa mitchilli (Bay Anchovy)
Leiostomus xanthurus (Spot Croaker)
Palaemonidae spp. (grass shrimps)
Litopenaeus setiferus (Atlantic White Shrimp)
Eucinostomus spp. (mojarras)
Total count of top 5 taxa
Anchoa mitchilli (Bay Anchovy)
Leiostomus xanthurus (Spot Croaker)
Litopenaeus setiferus (Atlantic White Shrimp)
Eucinostomus spp. (mojarras)
Diapterus auratus (Irish Pompano)
Total count of top 5 taxa
Leiostomus xanthurus (Spot Croaker)
Anchoa mitchilli (Bay Anchovy)
Palaemonidae spp. (grass shrimps)
Micropogonius undulates (Atlantic croaker)
Litopenaeus setiferus (Atlantic White Shrimp)
Total count of top 5 taxa
Leiostomus xanthurus (Spot Croaker)
Anchoa mitchilli (Bay Anchovy)
Palaemonidae spp. (grass shrimps)
Eucinostomus spp. (mojarras)
Diapterus auratus (Irish Pompano)
Total count of top 5 taxa
Anchoa mitchilli (Bay Anchovy)
Leiostomus xanthurus (Spot Croaker)
Litopenaeus setiferus (Atlantic White Shrimp)
Clupeidae spp. (clupeids)
Eucinostomus spp. (mojarras)
Total count of top 5 taxa
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Count Percent of Catch
13062
32.77%
10523
26.40%
2032
5.10%
1938
4.86%
1871
4.69%
29426
73.82%
11163
39.32%
5549
19.54%
1734
6.10%
1728
3.09%
1165
4.10%
21339
75.16%
4974
43.39%
1899
16.56%
1342
11.71%
379
3.31%
204
1.78%
8798
76.74%
7273
31.84%
6299
27.57%
1545
6.76%
1033
4.52%
825
3.61%
16975
74.31%
6763
39.75%
3250
19.10%
1180
6.94%
932
5.48%
872
5.13%
12997
76.40%

Table 4: Total counts for all taxa by different seasons and state parks. Gamble Rogers = Gamble Rogers Memorial State
Recreation Area; North Peninsula = North Peninsula State Park
Taxon
Alpheus spp.
Anchoa hepsetus (L.) (Broad-Striped Anchovy)
Anchoa mitchilli (Valenciennes) (Bay Anchovy)
Archosargus probatocephalus (Walbaum) (Sheepshead)
Ariopsis felis (L.) (Hardhead Catfish)
Bairdiella chrysoura (Lacepède) (Silver Perch)
Brevoortia spp.
Callinectes sapidus (Rathbun) (Blue Crab)
Caranx spp.
Centropomus undecimalis (Bloch) (Common Snook)
Citharichthys spilopterus (Günther) (Bay Whiff)
Clibanarius vittatus (Bosc) (Thinstripe Hermit Crab)
Clupeidae spp.
Ctenogobius (Gobionellus ) boleosoma (Jordan & Gilbert) (Darter Goby)
Cynoscion nebulosus (Cuvier) (Spotted Seatrout)
Cyprinodon variegatus (Lacepède) (Sheepshead Minnow)
Diapterus auratus (Ranzani) (Irish Pompano)
Dormitator maculatus (Bloch) (Fat Sleeper)
Elops spp.
Eucinostomus gula (Quoy & Gaimard) (Jenny Mojarra)
Eucinostomus harengulus (Goode & Bean) (Tidewater Mojarra)
Eucinostomus spp.
Farfantepenaeus spp.
Fundulus grandis (Baird & Girard) (Gulf Killifish)
Fundulus heteroclitus (L.) (Mummichog)
Fundulus spp.
Gambusia holbrooki (Girard) (Eastern Mosquitofish)

Total
Count Spring Summer Fall Winter
7
0
1
5
1
1
0
1
0
0
13062 6028
4667 1699 668
2
2
0
0
0
263
95
6
11 151
105
85
20
0
0
361
354
7
0
0
307
191
61
19
36
3
1
2
0
0
94
21
16
41
16
48
30
12
6
0
39
20
14
4
1
1263 1165
44
0
54
120
119
0
1
0
15
10
3
2
0
34
34
0
0
0
1303
193
390 632
88
6
0
0
5
1
73
70
1
1
1
5
3
2
0
0
613
274
85 124 130
1871
351
452 718 350
773
686
60
10
17
144
110
13
0
21
4
4
0
0
0
11
6
0
0
5
503
214
43
3 243
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Dry

Wet
3
4
0
1
4426 8636
2
0
229
34
2 103
183 178
180 127
0
3
34
60
19
29
8
31
815 448
119
1
10
5
34
0
418 885
4
2
52
21
3
2
395 218
794 1077
525 248
131
13
3
1
11
0
453
50

Gamble North
Rogers Peninsula
6
1
1
0
6299
6763
0
2
165
98
53
52
116
245
186
121
0
3
64
30
24
24
4
35
331
932
85
35
8
7
32
2
825
501
3
3
47
26
3
2
317
239
1033
872
466
307
134
10
3
1
11
0
246
257

Taxon
Gerres cinereus (Walbaum) (Yellow Fin Mojarra)
Gobionellus oceanicus (Pallas) (High Fin Goby)
Gobiosoma bosc (Lacepède) (Naked Goby)
Gobiosoma robustum (Code Goby) (Ginsburg)
Gobiosoma spp.
Harengula jaguana (Poey) (Scaled Sardine)
Hypanus sabinus (Dasyatis sabina) (Lesueur) (Atlantic Stingray)
Lagodon rhomboides (L.) (Pinfish)
Leiostomus xanthurus (Lacepède) (Spot Croaker)
Litopenaeus setiferus (L.) (Atlantic White Shrimp)
Lucania parva (Baird & Girard) (Rainwater Killifish)
Lutjanus griseus (L.) (Gray Snapper)
Membras martinica (Valenciennes) (Rough Silverside)
Menidia spp.
Microgobius gulosus (Girard) (Clown Goby)
Micropogonias undulatus (L.) (Atlantic Croaker)
Mugil cephalus (L.) (Striped Mullet)
Mugil curema (Valenciennes) (White Mullet)
Mugil spp.
Myrophis punctatus (Lütken) (Speckled Worm Eel)
Oligoplites saurus (Bloch and Schneider) (Leatherjack)
Opisthonema oglinum (Lesueur) (Atlantic Thread Herring)
Orthopristis chrysoptera (L.) (Pigfish)
Palaemonidae spp.
Paralichthys albigutta (Jordan & Gilbert) (Gulf Flounder)
Paralichthys lethostigma (Jordan & Gilbert) (Southern Flounder)
Poecilia latipinna (Lesueur) (Sailfin Molly)
Prionotus tribulus (Cuvier) (Bighead Searobin)
Rhithropanopens harrisii (Rathbun) (Harris Mud Crab)

Total
Gamble North
Count Spring Summer Fall Winter Dry Wet Rogers Peninsula
1
1
0
0
0
1
0
1
0
14
3
3
4
4
6
8
7
7
67
45
14
0
8
50
17
24
43
22
17
0
4
1
17
5
20
2
9
3
4
0
2
2
7
5
4
1
1
0
0
0
1
0
0
1
1
1
0
0
0
1
0
0
1
1046
915
79
5
47
796 250
604
442
10523 8732
35
0 1756 10039 484
7273
3250
1938
318
1440 155
25
253 1685
758
1180
18
6
5
0
7
10
8
12
6
10
0
1
6
3
6
4
6
4
29
28
0
1
0
2
27
27
2
549
316
76 104
53
332 217
466
83
184
51
30
42
61
99
85
143
45
599
473
0
7 119
582
17
199
396
34
20
8
3
3
17
17
20
14
25
21
4
0
0
21
4
12
13
1056
723
86
6 241
829 227
775
281
1
0
0
1
0
0
1
1
0
2
0
0
2
0
0
2
1
1
49
0
49
0
0
0
49
49
0
1
1
0
0
0
1
0
1
0
2032 1452
83
8 489
1902 130
1545
487
1
0
1
0
0
0
1
0
1
3
1
0
2
0
2
1
3
0
592
223
74
2 293
509
83
425
167
1
1
0
0
0
1
0
1
0
2
2
0
0
0
2
0
2
0
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Taxon
Sciaenops ocellatus (L.) (Red Drum)
Sphoeroides nephelus (Goode & Bean) (Southern Puffer)
Strongylura marina (Walbaum) (Atlantic Needlefish)
Syngnathus scovelli (L.) (Gulf Pipefish)
Xanthidae spp.

Total
Count Spring Summer Fall Winter
6
6
0
0
0
1
1
0
0
0
2
2
0
0
0
3
1
0
0
2
4
4
0
0
0
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Dry
6
1
0
2
4

Wet
0
0
2
1
0

Gamble North
Rogers Peninsula
0
6
1
0
0
2
2
2
0
4

The study area experienced seasonal differences in species abundances, richness, and
evenness (Figure 4). The mean abundances and species richness were highest in the winter and
spring months, while summer and fall had lower abundances and species richness. Species
evenness peaked in the fall months when few species dominated catches. Anchovies were the
most commonly caught species and had relatively high abundance across all seasons.

Figure 4: Mean A) abundance, B) species richness, and C) evenness of all fishes and mobile
decapods over time (with 95% CI in grey).
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Discussion
Over the last century the Matanzas River has been heavily impacted by anthropogenic
and climatic changes. To get a baseline for how the nekton community in this area may be
impacted by future climatic changes, other anthropogenic changes, or restoration efforts, this
study documented species abundances and composition in Gamble Rogers Memorial State
Recreation Area and North Peninsula State Park within the Matanzas River estuary. The abiotic
environment of an area can heavily influence species abundances and composition. The
Matanzas River experienced seasonality in many of the abiotic parameters measured. The
temperatures followed the changing of the seasons with the Summer months having the
highest temperatures followed by the Winter months. The seasonal changes in salinity were
attributed to the seasonal rainfall the area experienced in the summer and fall or wet months,
with the fall months having the lowest salinity readings. Dissolved oxygen (DO) is known to
change seasonally, with lower DO readings in the warmer months of the year and higher DO
readings in the cooler months of the year. The DO concentration for the Matanzas River estuary
followed this trend with the summer and fall months having the lowest concentrations of
dissolved oxygen. For most of the year the dissolved oxygen was within the tolerable ranges for
most of the species of fishes and mobile decapods. Secchi disc depth was used as a proxy for
water clarity and was at its lowest in the summer months when the waters were the most
turbid due to increased rainfall and increased algal production (Lapointe et al. 2015). The two
state parks had similar water temperatures and secchi disc depths but had slightly different
salinity and DO readings. The North Peninsula State park is located at the mouth of Bulow Creek
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and the freshwater input from this creek during the wet months of the year may have
influenced the lower DO and salinity readings.
The species assemblages shifted seasonally and appear to be driven by different
recruitment pulses. Spot Croaker, Pinfish, and a few other species recruited to the system in the
Winter and Spring months. The observed increase in the mean abundances in the Winter and
Spring months was mainly due to the relative increase in Spot Croaker. Lewis et al. (2020)
conducted a similar study in the Mosquito Lagoon (i.e. the estuary located to the south of the
study area) and experienced higher levels of Spot Croaker and pinfish only in their spring
months with very low catches of those species in the Winter months. This difference may be
due to our sampling gear, fyke nets, capturing the earlier life stage of the Spot Croaker
compared to the seining that Lewis et al. (2020) used. The fyke nets specifically target the
nekton utilizing the marsh platform that the wings surround as compared to seining that seines
along the edges of the habitats. This difference may allow the fyke nets to capture Spot Croaker
earlier on in their life stage as they are utilizing the marsh habitat and not leaving until the tide
recedes and they are funneled into the fyke nets. Otherwise, the species assemblage
documented in this study was similar to other studies in the area (Paperno et al. 2001;
McGinley et al. 2016; Lewis et al. 2020; Troast et al. 2020). The recruitment pulses had similar
effects on the species richness of the system, with the cooler winter months having the most
species captured during sampling. Bay Anchovies were the most numerically abundant species
and were caught across all seasons. This too is similar to other studies in the region, where the
most numerically abundant species was commonly bay anchovies (Paperno et al. 2001; Dakota
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Lewis et al. 2020; Troast et al. 2020). The decrease in both mean abundance and species
richness in the Summer and Fall months can be attributed to fewer species recruiting to the
region as compared to recruitment in the Winter and Spring months. This could also explain
why species evenness was highest in summer and fall because the few species that choose to
utilize these warm shallow intertidal habitats numerically dominated the catches.
The two state parks sampled in this study were only 3km from one another and had
relatively similar species compositions, but of the six different economically important sport
fish species captured, the majority were captured in the waters of North Peninsula State Park.
Common Snook were the most numerically abundant sport fish species captured. Common
Snook are valued as one of the top inshore sport fishes in Florida and contribute to an annual
$9.2 billion saltwater recreational fishing industry in Florida (Florida Fish and Wildlife
Conservation Commission 2019). This study region is near the northern range limit of the
common snook and in 2010 the Florida Common Snook population was decimated by an
extreme cold event of temperatures of <10°C that resulted in an emergency closure of the
fishery (Blewett and Stevens 2014). In our study the coolest temperatures experienced were
higher than that suggesting that the common snook did not die out or move out due to a coldwater event. Gilmore et al. 1983 found that early juvenile Common Snook (under 100mm SL)
were predominantly found in freshwater and marsh habitats before moving to more seagrass
dominated habitats. In our study the majority of the Common Snook caught in the North
Peninsula State Park are potentially due to the availability of preferred marsh habitat for the
size classes that we captured. This area experience restoration of its impacted wetlands and
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were successfully restored back in 2011 to an intertidal level to promote increases in total areal
coverage of intertidal flora and increased access to the nekton of the area. The higher catch
rates of these Common Snook suggest they may be rebounding in the area since the 2010 cold
kill. The Matanzas River estuary is also unique in terms of climatic changes because the marshes
were historically comprised of cordgrasses but are now occupied by predominantly black
mangroves and other intertidal flora (Williams et al. 2014). Common Snook prefer habitat with
vertical structure such as docks, mangroves, and rocky outcroppings and the mangroves,
cordgrasses, and structures (such as docks and bridges) in the study area are providing that
preferred habitat for these species to forage for prey and seek shelter from predators (Peters et
al. 1998). With continued shifts in climate and water temperature, snook may be expanding
their range northward, potentially facilitating a more rapid recover of this fishery due to
increased area for recruitment, foraging, and shelter (Troast et al. 2020).
Surveys of species abundances and compositions are critical to understanding how
climate change, anthropogenic activities, and restoration efforts impact species inhabiting
coastal areas (Paperno et al. 2001; Lewis et al. 2020; Troast et al. 2020). The Matanzas River
estuary has already experienced climatic shifts, degradation and loss of wetlands, and these
have been mitigated to a degree through habitat restoration (Clements and Rogers 1964;
Stevens et al. 2006; Donnelly 2014; Krauss et al. 2014). To my knowledge this is the first survey
of the fishes and mobile decapods in this portion of the estuary and can provide future
managers a baseline for understanding what species are present in the region, and their
relative abundances. Given rainfall appears to play a large role in influencing the abiotic
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environment, species abundances, and community composition; these factors should be
something resource managers consider when assessing future trends in the distribution and
abundance of fishes and mobile decapods in the region. With Florida’s human population
growing daily, local pressures on inshore benthic habitats types will continue (Cook et al. 2014).
These pressures coupled with the high probability of continued changes in climate, suggest
long-term monitoring of coastal ecosystems will be critical for understanding responses of
future biotic communities and developing more effective management strategies to conserve
biodiversity and move coastal fisheries toward sustainability.
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CHAPTER 3: QUANTIFYING THE RESPONSE OF AN ESTUARINE NEKTON
COMMUNITY TO COASTAL WETLAND HABITAT RESTORATION
Introduction
With the human footprint expanding over the past few centuries and the climate
changing, habitats across the world are being impacted (Travis 2003). With this expansion there
have been large tracts of land including rainforests, temperate forests, grassy meadows, other
terrestrial habitats, and many aquatic habitats lost (Shantz 1954; Repetto 1990; Beck et al.
2001; Able 2005; Gedan et al. 2011). Threats such as overharvesting, eutrophication, climate
change, habitat destruction, and pollution are some of the major contributors to these
observed loses and in certain cases, entire ecosystems have been lost or altered by humans
(Kennish 1997; Grabowski and Peterson 2007). When losing habitats, one of the major concerns
is the loss of the associated ecosystem services provided by that habitat type. (Dobson et al.
2006).
Ecosystem services are resources provided by natural systems that are utilized by
humans (Palmer et al. 2004). Marine systems are specifically at risk to the increasing losses of
ecosystem functions and subsequent knock on effects to ecosystem services (Worm et al.
2006). Globally, human activities alter and degrade coastal habitats threatening the production
of critical ecosystem services such as shoreline stabilization, water filtration and quality, as well
as recreational and commercial fisheries catches (Haven and Morales-Alamo 1966; Miller et al.
1984; Lenihan and Peterson 1998; Sherman and Duda 1999; Beck et al. 2001; Able 2005; Lotze
et al. 2006; Coen et al. 2007; Gedan et al. 2011). The main drivers of marine habitat
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degradation are coastal development and climate change, specifically impacts related to sealevel rise (Hoegh-Guldberg and Bruno 2010, MEA 2017). Loss of habitat can reduce nursery
grounds, foraging area, and overall reduce the carrying capacity of a system for marine fauna.
As human population densities and related development continues to increase in coastal zones,
habitat degradation will continue to occur on global to local scales with many observable losses
to the ecosystem services (Dobson et al. 2006; Thampanya et al. 2006; Grabowski and Peterson
2007, Cook et al. 2014, MEA 2017).
One of the most pressing concerns with the loss of coastal wetlands is the associated
loss of essential fish habitat (EFH) (Rosenberg et al. 2000). Essential fish habitat includes any
area used by fish in any part of their life cycle including spawning, foraging, and refuge (Hsu and
Wilen 1997). Coastal habitats support fisheries by providing EFH for many important
recreational and commercial species from their earlier stages of development and throughout
their life cycles (Robertson and Duke1987; Primavera 1998; Mumby et al. 2004; Lipcius et al.
2005; Sundblad and Bergstrom 2014). The abundance and production of many recreationally
and commercially targeted species are positively related to the level of habitat complexity (as
compared to bare substrates; Orth et al. 1984, Bell and Westoby 1986, Peterson and Turner
1994, Minello et al. 2003, Grabowski and Peterson 2007, Grabowski et al. 2008, Stunz et al.
2010, Gittman et al. 2016; Schulz et al. 2020). For example, an increase of mangroves and their
prop roots are shown to positively impact many fisheries. It is estimated that mangrove habitat
is utilized by roughly 80% of fish landed globally at some point in their life cycle (Sullivan 2005;
Ellison 2008). Due to the degradation of coastal habitats, and potential impacts on the
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production of estuarine-dependent fisheries, managers are developing new strategies and
policies to protect and restore these nursery and foraging grounds worldwide (Hooke and Bray
1995; Lü et al. 2012; Zedler et al. 2012).
To improve previously degraded coastal habitats and benefit fisheries, managers are
looking toward habitat restoration as a strategy to move fisheries toward sustainability (Moyer
et al. 1995; Seaman 2007). Restoration has been used for decades and has resulted in the
regeneration of coastal habitat, leading to improved ecosystem function, and increased
production of ecosystem services (Teas 1977; Broome et al. 1988; Kondolf and Micheli 1995;
Kindinger et al. 2001; Ruiz-Jaen and Aide 2005; Cerco and Noel 2007; Schulz et al. 2020).
However, numerous factors can influence the timing and magnitude of restoration success
(Crooks et al. 2002). For example, after restoring the tidal exchange to an impounded wetland,
salt-tolerant plant species began to recruit to the restored areas and over a period of several
years many economically important species benefited with eventual increases in species
richness and overall abundance (Brockmeyer 1996). Restoring the hydrology of an impacted
wetland to maximize the amount of intertidal habitat has also been shown to increase fish
foraging and consumption of prey when compared to feeding in subtidal habitats (Madon
2008). Both of the aforementioned studies required time for the intertidal flora to recruit
before the fish community responded positively to restoration. However, other projects that
create structure directly such as oyster reef restoration, may observe effects on the fish
community relatively rapidly by creating habitat (Gittman et al. 2016).
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The restoration of living shorelines, while creating structure directly, can still take up to
three years to observe increased nursery function for the marine faunal community, and it can
take years for fisheries-important species to start recruiting to coastal wetland restoration sites,
in comparison to undisturbed natural habitats (Bayraktarov et al. 2016; Gittman et al. 2016).
While the ecological benefits of these restoration strategies are evident over time, the process
can be expensive and logistically daunting. Furthermore, the varying response time of different
components of an ecosystem creates an asymmetry between the immediate costs, and
relatively long-term and diffuse benefits of these projects (Cook and Heinen 2005). Thus,
protracted monitoring and a long-term view of success is required when restoring coastal
marshes, as the benefits to the nekton and benthic community may not be observed
immediately, and it can be longer still before benefits accrue to higher trophic levels, and
eventually the human community.
Past restoration studies have found that restoration efforts can have positive impacts on
the vegetative community in the study area (Gittman et al 2016; Donnelly 2014). However
quantifying restoration success solely on the basis of vegetative community recruitment fails to
capture secondary responses of the broader biotic community, including fishes and mobile
decapods. Studies suggest commercially important shrimp populations correlate with the
amount of wetland available but not the average depth or volume of the estuaries themselves
(Turner 1977), while blue crab abundance and commercial landings of other estuarine
dependent species in the eastern U.S. and the Gulf of Mexico correlate with the ratio of marsh
or wetland area/open water in many estuaries (Nixon 1980; Seaman 1985; Zimmerman et al.
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2002). To date some restoration studies have found increases in species richness, abundance,
and consumption/feeding rates of fishes and other nekton at restored habitats (Brockmeyer
1996; Madon 2008; Gittman et al. 2016). However, other studies have found little to no
response from fishes and other nekton to restored habitats (Rutledge et al. 2018; Weinstein et
al. 2019). Currently no restoration studies have explored how nekton respond to restoring
sediment piles along excavated canals (‘dragline ditches’) throughout a marsh complex which
were designed for mosquito control to maximize the amount of intertidal area. Thus, it remains
unclear how the nekton community responds to this form of coastal habitat restoration. To
address this knowledge gap, this study quantifies the response of an estuarine fish and mobile
decapod community to restoration of dragline-ditched spoil piles in coastal Florida. This study
employs a Before-After-Control-Impact (BACI) design to assess the effect of spoil pile restoration
on the nekton community, with an emphasis on the role of coastal wetlands as nursery habitat
for important fisheries species.

Methods
Study Site
Focal restoration sites are in the southern portion of the Matanzas River estuary, lying
adjacent to Gamble Rogers Memorial State Recreation Area, and along the Halifax River south
to North Peninsula State Park, Flagler County, FL (Figure 5). Natural areas within this region
have been greatly impacted by anthropogenic factors over the past century, including the
creation of mosquito control structures, hardening of shorelines with seawalls, urbanization,
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and wave energy from recreational and commercial boaters. Influenced by the great expanses
of wetlands and high levels of seasonal rainfall in Florida, there are high concentrations of
mosquitos and midges that can pose human health risks. To address these threats to human
health along the east coast of the United States, resource management agencies manipulated
marsh lands to reduce water depths on the marsh platforms in an attempt to control mosquito
populations, beginning in the 1920s (i.e. many saltmarsh mosquitos require standing water to
complete their early life stages).
One strategy managers used to control mosquito population was to excavate draglines
or “mosquito ditches” to minimize the amount of water on the marsh platform to try and
control mosquito populations (Clements and Rogers 1964; Stevens et al. 2006). The
construction of the mosquito ditches or draglines consisted of heavy machinery excavating
canals throughout the marsh complex to help drain the marsh platform within several days of
flooding (Bertness 1999; Rey et al. 2012). When excavating the mosquito ditches the excess
sediment would be piled up along the shoreline, creating spoil piles. The spoil piles are
relatively high elevation, with elevations up to one meter above mean sea level, resulting in the
creation of terrestrial habitat as opposed to intertidal habitat (Balling and Resh 1983). Upland
vegetation such as palm trees have become established in these high elevation sites, along with
invasive upland species such as Brazilian pepper (Schinus terebinthifolia) (Donnelly 2014). In
2011 SJRWMD restored high elevation/dragline-ditch areas in the North Peninsula State Park
that were formerly coastal wetland habitat. As part of this project several coastal wetlands
containing spoil piles adjacent to the Halifax River were mechanically leveled down to mean
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water level using heavy machinery to minimize the amount of dry upland area and restore the
area of intertidal habitat. The sites restored in 2011 currently consist of predominantly native
intertidal species such as black mangroves (Avicennia germinans), cord grasses (Spartina
alterniflora), perennial glasswort (Sarcocornia perennis), saltwort (Batis maritima), and other
intertidal flora. The sites restored in 2011 were deemed a restoration success with respect to
marsh flora recruitment, but it is unknown how it affected the nekton communities in the
restored areas compared to the non-restored spoil piles.

Figure 5: Map of study area in Flagler and Volusia Counties, FL. Blue circles are the three sites
that were not restored (Non-Restore), green circles are the nine sites restored in 2019 (2019
Restore), and the grey circles are the four sites restored in 2011 (2011 Restore). Three images on
the left show the satellite view for the study areas boxed in the right image, along with the
impacts of the mosquito ditching efforts to the study area.
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In order to assess how nekton communities respond to spoil pile restoration a BeforeAfter-Control-Impact (BACI) design was used. Samples were collected from 16 fixed study sites
representing three treatment types: four sites previously restored in 2011 (as positive controls),
three sites that will not undergo restoration (negative controls), and nine sites restored in 2019
(Figure 1). More specifically, each monthly sampling consisted of 12 of the 16 fixed sites being
sampled. The study area spans approximately 5 km north to south, hence north and south nonrestored sites were included to mitigate potential latitudinal bias. Due to the overall size of the
northern non-restored area and the southern 2011 restoration areas they were broken into
two subregions. This allowed two monitoring sites in each of these regions. The area restored in
2019 was delineated into 15 polygons spanning the core of the study area. Within each polygon
there is a large area influenced by mosquito dragline-ditching and therefore each polygon has a
high density of spoil piles (between 9 to 68 islands, and 48 to 114 spoil piles within each
polygon). From a logistical standpoint, the polygons enabled the independent contractor to
complete the mechanical restoration by working through each polygon in sequence. To identify
the nine fixed monitoring sites restored in 2019, a random number generator was used to
identify each polygon, island, and more specifically spoil pile would be used. The same
technique was used to select the three non-restored sites and four sites restored in 2011. The
reason for selecting 16 total fixed sites is due to the fact that when one or more of the sites
underwent restoration, these sites became inaccessible due to the placement of turbidity
screens across channels. Therefore, alternative sites were selected until access back to the
original restoration sites was possible.
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The Coastal and Estuarine Ecology lab at UCF measured flora percent cover, the
elevation change or slopes, and recorded the different flora species at each treatment types.
Both the northern and southern 2011 restoration areas had relatively high percent cover of
intertidal flora (91.1 ± 2.8% at the northern 2011 restoration areas and 67.9 ± 4.4% at the 2011
southern restoration areas). The northern and southern non-restored areas also had relatively
high percent cover of flora as well (85.5 ± 2.6% at the northern non-restore areas and 68.8 ±
4.6% at the southern non-restore areas), but these areas mainly consisted of non-native
terrestrial plant species such as Schinus terebinthifolius (Brazilian pepper), terrestrial native tree
species, including cedar and oak, and cacti. The slopes between the non-restored areas and the
2011 restoration areas differed greatly with the slope of the non-restored areas being much
greater (24.3 ± 3.7% at the northern non-restored areas and 11.7 ± 1.9% at the southern nonrestored areas) than the 2011 restored areas (2.3 ± 0.2% at the northern 2011 restoration areas
and 0.9 ± 0.4% at the southern 2011 restoration areas). Following restoration in 2019, the
slopes and percent cover of flora was greatly reduced. Prior to the restoration the percent
cover was 78.4 ± 2.4% and the slopes were 18.7 ± 1.5%. Following restoration, the slopes were
reduced to 1.3 ± 0.2% and significantly differed from the before restoration measurements
(paired t-test, p<0.01). Within two months of restoration the mean percent cover of flora was
9.5 ± 3.5% and consisted mainly of existing black mangroves and new recruitment of saltwort.
One-year post restoration the mean percent cover of flora was 29.8 ± 3.6 and consisted mainly
of black mangroves, saltwort, glasswort (Saracorornia perrenis), and sea oxyeye daisy (Borrichia
frutescens).
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Biotic Sampling Procedure
Sampling consisted of 17 monthly ~three-day sampling events during the new or full
moon phases, extending from March 2019 through June 2020. Fyke nets are used to sample
coastal wetland nekton monthly at each of the twelve study sites. The length of the fyke net
trap mouth to the cod-end is 3.65m, with a mouth opening of 0.69 x 0.99m and a net mesh of
3.18mm. The barrier nets are a total of 9.14m long with 3m of the net placed onto the marsh
platform; the ends of the barrier nets are 3m and 9m apart. When the fyke nets are deployed
they are fished at the 3m opening of the barrier nets and the wings of the fyke net itself are
used to close off the area and standardize the total 2-dimensional area being fished across
sites. To account for the total 3-dimensional area being fished, the total water volume was
calculated by taking depth measurements within the area being fished and using those along
with the known 2-dimensional area to calculate the total 3-dimensional area being fished. Total
water volumes were greater at the non-restored sites, followed by the sites restored in 2019,
and then the sites restored back in 2011. Fyke nets are set at or near slack high tide and are
fished for approximately five hours during the ebbing tide. As the tide ebbs, individuals using
the intertidal portion of the study sites are forced to deeper water, and as they encounter the
barrier wings, they are funneled down toward the cod-end of the fyke net (Neckles et al. 2002).
On the afternoon of the first half day of sampling the first six sets of wings (barrier nets)
are deployed at six of the twelve study sites. On day two, six fyke nets are deployed at these six
sites. Following retrieval of the fyke nets, the six sets of wings are placed out to soak overnight
at the remaining six study sites. On day three of each monitoring event, the next six fyke nets
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are deployed similarly. During fyke net retrieval, sites that have standing water are disturbed
to drive organisms still inhabiting the intertidal habitat into deeper water before fyke nets
wings are used to close off the area.
Large specimens were processed in the field and the remaining specimens collected
during each monitoring event were placed in 95% ethanol and returned to the lab for
identification to the lowest possible taxonomic level. Standard length and mass are taken for
ten haphazardly selected individuals from each taxon. In addition, maximum and minimum
standard lengths for each taxon, total count, and mass of all individuals for each sampling site
are recorded. Abiotic measurements are taken at all study sites when fyke nets are deployed,
including water temperature, salinity, dissolved oxygen (mg/L), and secchi disk depth (as a
proxy for water clarity/turbidity). Two continuous loggers were deployed on October 14th, 2019
by FWC: one in the north reference area and one in the southern portion of the 2019 restoration
area. Within the study region there are also four water quality monitoring stations run by the St
Johns River Water Management District. These data loggers and stations all collected similar
abiotic measurements and were used as proxies for point sample abiotic measurements collected
during each fyke net set.

Data Analysis
To compare the mean differences in the fishes and mobile decapods catch rates and
mean biomasses between the non-restored sites (including data collected from 2019 restored
sites prior to being restored), 2019 restored sites (post-restoration) and the 2011 restored sites
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(post-restoration), a paired one-way analysis of variance (ANOVA) was performed. Data were
assessed for normality using the Shapiro-Wilk Test (p < 0.05) and homogeneity of variance was
tested using Levene’s test (p < 0.05). Following a significant result of the ANOVA omnibus test, a
Tukey’s HSD Post Hoc test was run to identify significant differences. Abundance and biomass
data were log transformed to meet assumptions. Statistical significance was set at α = 0.05 for
all analyses.
Nekton community composition was analyzed using a gradient of four different
biodiversity metrics calculated from the vegan package in R (species richness, Shannon diversity
index (H), Simpson diversity, and Pielou’s evenness) (Okansen et al. 2018). Species richness will
be calculated as the number of species present at each site type. The Shannon diversity index
takes into account abundance and richness data, but weights richness more heavily than
abundance (Shannon 1948). The Simpson diversity index is similar to Shannon diversity, but
puts more weight on abundance (Simpson 1949). Pielou’s evenness measures how similar
species abundance is within a given sample or site (Pielou 1966). Species composition data will
also be analyzed using a Nonmetric Multidimensional Scaling (nMDS) using Bray-Curtis
similarity to compare site types and sampling periods. A permutational multivariate analysis of
variance (PERMANOVA) was used in conjunction with the nMDS to assess differences in species
compositions among treatment types. To further explore what environmental drivers are
influencing species composition an environmental fit test was run, where longer vectors
indicate relatively greater influence (Oksanen et al. 2018).
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The use of ecological indicators is widely used in ecology to determine the health of a
system or the restoration stage of an area (Dale and Beyeler 2001; Gonzalez et al. 2013). To
determine if there were any indicator species for each of the site types the package IndicSpp in
R was used (Cáceres and Legendre 2009). The package determines the probability of finding
that species at that particular site type among the other site types and determines the
probability of finding that species at that particular site type.
Modeling
Generalized linear mixed effect models (GLMs) were used to examine how restoration
influences fish and mobile decapod abundance and community composition (Zuur et al. 2009).
For the abundance and richness data the dispersal statistic was used. The abundance and
richness data were count data with no zeros and the negative binomial family having a dispersal
statistic of close to 1 the negative binomial GLM family was the best fitting family. For the
community indices (evenness and Shannon and Simpson diversity) the data were real numbers
so the Gaussian GLM family was chosen. All models had good fitting residual plots. The GLMs
were run with site type, temperature, DO, salinity, secchi depth (as a metric of water clarity),
distance to nearest oyster reef, moon phase, total water volume, and seasons (wet vs. dry and
Spring, Summer, Winter, Fall) as predictor variables for abundance, species richness, Shannon
and Simpson diversity, and evenness using the car package in R (Fox et al. 2018). All models
were tested for collinearity using the variance inflation factor (VIF) function in the car package
in R (Fox et al. 2018). A value of 10 or greater is used to indicate if variables are collinear. Fitted
models were then ranked using AICc (Akaike information criterion) and winning models were
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selected based on the cut-off rule of ∆AICc ≤ 2 (Burnham and Anderson 2002). If ∆AICc values of
multiple winning models were within 2 of one another (i.e. suggesting they have essentially the
same predictive power), the most parsimonious model was chosen as the winning model.
GLM’s were also performed on each of the indicator species to determine which factors best
predicted their abundance. All statistical analyses will be run using the statistical program R.

Results
A total of 28,392 specimens representing 56 unique taxa were collected over the 17
sampling events starting in March 2019 thru June 2020. The three most common taxa captured
were Anchoa mitchilli (bay anchovy, n = 11,163), Leiostomus xanthurus (spot, n = 5,549), and
Litopenaeus setiferus (Atlantic white shrimp, n = 1,734). Bay anchovies were abundant across all
treatments and time periods and comprised from ~5% of the catch in February 2020 to ~91% of
the catch in June 2020. Spot abundance was highest in March 2019, comprising ~69% of the
total catch. Atlantic white shrimp abundance peaked in June 2019 making up ~49% of the catch.
Mean abundances were greater at sites restored in 2011 than the non-restored sites
and sites restored in 2019 did not differ from the other two treatments. (Figure 6; One-way
ANOVA F(2,200) = 3.893, p < 0.05; posthoc Tukey HSD p<0.05). Mean abundance by time or event
suggests prior to the restoration in 2019, the differences in the sites restored in 2011 and the
non-restored sites were more prominent, with the sites in 2011 having elevated abundances.
Prior to the 2019 restoration the 2019 restore sites were similar to the non-restored sites. Once
the sites were restored in 2019 the catches were highly variable but appear to have an upward
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trend in mean abundance. Mean biomasses did not differ between site types (Figure 6; Oneway ANOVA F(2,200) = 0.174, p = 0.841). For our study there were a handful of species that were
on average larger than that of other species (Gulf and Southern Flounder, Blue Crabs, Striped
Mullet, Hardhead Catfish, and Atlantic Stingray) so they were removed to determine if they
were potentially driving the similarity in biomasses between site types but still no differences
were found. The mean fish abundances were greater at the sites restored in 2011 than the nonrestored sites and sites restored in 2019 did not differ from the other two treatments (Figure
7). Florida is home to many economically important sport fish species and five species sport
fishes were captured during this study: Common Snook (Centropomus undecimalis), Spotted
Seatrout (Cynoscion nebulosus), Grey Snapper (Lutjanus griseus), Gulf Flounder (Paralichthys
albigutta), and Southern Flounder (Paralichthys lethostigma). This complex of five species
appear to have greater mean abundances at the sites restored in 2011 than at other treatment
types (Figure 7). Two other economically important taxa were captured, blue crabs (Callinectes
sapidus) and Penaeid shrimps (Litopenaeus setiferus, Atlantic white shrimp and
Farfantepenaeus spp, pink/brown shrimp). Blue crabs had greater mean abundances at the
sites restored in 2011 than at other treatment types. Penaeid shrimps have greater mean
abundances at the sites restored in 2011 and the non-restored sites compared to the sites
restored in 2019 (Figure 7).
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Figure 6: Mean (± standard error) A) abundance of all fishes and mobile decapods by site type,
B) abundance of all fishes and mobile decapods per sampling event for each treatment type
over time with 95% CI, C) biomass of all fishes and mobile decapods by site type, C) biomass of
all fishes and mobile decapods per sampling event for each treatment type over time with 95%
CI.
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Figure 7: Mean (± standard error) A) abundance of only fishes, B) abundance of all five sport fish
species, C) abundance of blue crabs, D) abunance of penaeid shirmps by site type.
Species Richness, Shannon and Simpson Diversity, and evenness were similar across all
treatment types. Data were separated into three different categories: invertebrates, fish, and
fish excluding anchovies (the most numerically abundant species captured) to determine if
these specific separations had differential responses to restoration. All three taxonomic groups
show no differences in these diversity metrics. Species community analyses (nMDS and
PERMANOVA) support the findings from the diversity metrics, suggesting there are no
differences in the nekton community composition among treatments (P < 0.05, PERMANOVA
pairwise tests; Figure 8). Salinity appeared to be the greatest driver in the species assemblage
(Figure 9).
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Figure 8: nMDS of species assemblages for non-restored sites (blue circle), site restored in 2011
(green circle), and sites restored in 2019 (grey circle) with each dot indicating a specific sample
colored by site type.
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Figure 9: Environmental fit test of nMDS using mean species assemblages per treatment type.
Each point represents the species assemblage of a group specific to the four different treatment
types. Environmental variables are in blue and the length of the vector represents the relative
influence of environmental variables on species assemblage. Domg = Dissolved Oxygen,
oysterdist = Distance to nearest oyster reef, watervolume = total water volume fished.
A single indicator species was identified for the sites restored in 2019, the Clown Goby
(Microgobius gulosus) (Table 5; Figure 10; p=0.001). At sites restored in 2011, the most
abundant sport fish, Common Snook (Centropomus undecimalis), was identified as the indicator
species (Table 5; Figure 10; p = 0.003). Three ecologically important forage fish species were
indicator species for both the sites restored in 2011 and the sites restored in 2019, Silversides
(Menidia spp.), juvenile mullet (<50mm; Mugil spp.), and Gulf Killifish (Fundulus grandis) (Table
5; Figure 11; p=0.001, p=0.001, and p=0.015). No indicator species were determined for the
non-restored sites (Table 5).
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Table 5: Indicator species by site type. Column A is indicating the probability of finding that
species at that particular site type among the other site types. Column B is indicating the
probability of finding that species at that particular site type.
Site Type
Indicator Species
2019 Restore
Microgobius gulosus
2011 Restore
Centropomus undecimalis
2019 Restore + 2011 Restore
Menidia spp.
2019 Restore + 2011 Restore
Mugil spp.
2019 Restore + 2011 Restore
Fundulus grandis

A
0.672
0.857
0.911
0.927
0.974

B
0.642
0.259
0.369
0.324
0.108

Stat
0.657
0.471
0.580
0.548
0.325

p-value Total #
0.001*** 188
0.003*** 80
0.001**
405
0.001*** 861
0.015*
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Figure 10: A) Mean (± standard error) abundance of Clown Gobies by site type, B) total
abundance of Clown Gobies per sampling event for each treatment type, C) Mean (+/- standard
error) abundance of Common Snook by site type, D) total abundance of Common Snook per
sampling event for each treatment type.
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Figure 11: Mean (± standard error) A) abundance of Silversides, B) abundance of juvenile Mullet,
C) abundance of Gulf Killifish by site type.
When assessing the influential environmental factors for these indicator species GLMs
were run using forward model selection. All indicator species best fitting models included site
type. The indicator species at the 2019 restore sites (clown goby) abundance was best
predicted by the additive effects of site type, salinity, and four seasons (Spring, Summer,
Winter, and Fall) (Table 6). The indicator species at the 2011 Restore sites (Common Snook)
abundance was best predicted by the additive effects of site type, salinity, and total water
volume (Table 6). The three indicator species for the sites restored in 2011 and 2019 each had
different predictor variables. For the silversides, the abundance was best predicted by site type
and total water volume fished. Juvenile mullet abundance was best predicted by site type,
salinity, and four seasons. Gulf killifish abundance was best predicted by site type (Table 6).
However, when examining the environmental factors predicting the community composition
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indices, site type was less influential but was still in the best fitting model for predicting total
abundance when added to salinity (Table 7). The richness did not have a better fitting model
than the null (Table 7). For both Shannon and Simpson diversity the best fitting GLM included
only one metric: salinity (Table 7). The best fitting GLM for the evenness included the additive
effects of salinity and secchi depth (Table 7).
Table 6: Best fit GLM’s for predicting indicator species abundance.
Indicator Species
Microgobius gulosus
Centropomus undecimalis
Menidia spp.
Mugil spp.
Fundulus grandis

AIC Best Model
R-Squared
site type + salinity + 4 seasons
0.207
site type + salinity + watervolume
0.1898
site type + watervolume
0.5263
site type + salinity + 4 seasons
0.7338
site type
0.1675

Table 7: Best fit GLM’s for predicting abundance, richness, Shannon and Simpson diversity, and
evenness.
Category
Abundance
Richness
Shannon Diversity
Simpson Diversity
Evenness

AIC Best Model R-Squared
Site Type + Salinity
0.0768
Null
Salinity
0.0715
Salinity
0.0957
Salinity+Secchi
0.1379

Discussion
Restoration is being used increasingly as a strategy to mitigate negative anthropogenic
impacts to coastal habitats (Moyer et al. 1995; Seaman 2007). Managers implement restoration
to achieve various goals including habitat stabilization and increasing diversity and abundance
of nekton. Habitat quality and availability greatly influence the response of the biotic
community. Restoration success in terms of the biotic community is difficult to quantify and
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often requires years post restoration to see significant positive impacts (Bayraktarov et al.
2016; Gittman et al. 2016). Response time from the nekton community to restoration projects
that create structure directly is often shorter than for those that rely on recruitment of
foundation species like oysters or mangroves (Gittman et al. 2016). This study provides insight
as to how restoring intertidal habitat can positively impact an estuarine nekton community by
quantifying nekton abundances at impacted wetland sites, sites that were recently restored in
2019 with little to no vegetation present, and sites that were restored in 2011 and deemed
successful based on the response of the vegetative community.
Restoration projects that restore hydrology back to historic levels or somewhat modify
hydrology have shown positive responses from both flora and fauna (Brockmeyer 1996; Turner
and Lewis 1996; Zedler 2000). The impact on hydrology varies by restoration type, such as
reconnecting two water bodies, or increasing flushing time. Here, intertidal habitat area was
restored by lowering the elevation of spoil piles. Environmental metrics in our study region
were relatively similar to one another and that restoration had little to no effect on the abiotics
at each site. This is as to be expected given the relatively small spatial extent of the study and
the type of restoration done. During the study, the environmental metrics did vary seasonally
and accounted for some trends in abundance and biomass for the system a whole. There was
one environmental variable that responded to the restoration in the way of as intended, the
vegetative community. The sites restored in 2011 had high percent coverage of intertidal flora
such as black mangroves and cord grasses (Donnelly 2014). This aim of this restoration project
was not to improve the measured water quality metrics measured (i.e. DO, salinity, turbidity, or
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temperature) but to provide more intertidal habitat and create habitat complexity and primary
production in the form of detritus. Therefore, community composition was not expected to
shift greatly, but specific resident species like killifishes, small sport-fish species, motile
decapods, and other small marsh residents were thought to respond to the restoration.
Community composition as a whole was not altered by restoration and did not differ across
treatment types (Figure 8). Water quality was not impacted by restoration and the largest
driver of community composition remained salinity throughout the study for all treatment
types (Figure 9). These findings are not surprising given past restoration studies have also
shown restoration efforts can have little effect on the community composition of nekton
(Grabowski et al. 2005). Another possible reason for the community assemblages not differing
among treatment types is the impacts the surrounding habitats have on the treatment types. In
past studies researchers have found it difficult to detect the changes between restored versus
non restored habitats when the habitats are surrounded by other healthy or structured habitats
(Grabowski et al. 2005). The restoration technique used for this project involves maximizing the
intertidal area with wetland habitats directly adjacent (within a few meters) left intact. The no
observable differences in the overall community composition among the different treatment
types may be contributed to the restoration having no major impacts on the hydrology and the
study area being relatively small and fluid.
Community metrics including abundance, biomass, richness, evenness, Shannon
diversity and Simpson diversity were all quantified and showed varying levels of response to
restoration and had differing drivers. Sites recently restored in 2011 show elevated fish and
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invertebrate abundances compared to the areas not restored (Figure 6). Following restoration,
the sites restored in 2019 are not different from the sites restored in 2011 nor the non-restored
sites for total or total fish abundance and for biomass. The restoration of leveling down the
spoil pile in turn did not have any negative effects on the community dynamics of the nekton.
This suggests to us that the detrital pathway and food web are still functional at the sites
recently restored in 2019. Following restoration in 2019, newly restored sites showed high
variation in abundance and the observed upward trend in mean abundance over the course of
the study potentially indicates that, given more time, these sites could show higher abundances
when compared to non-restored sites. Only slight shifts in abundance might have occurred due
to the healthy natural surrounding wetlands supporting the current fish in the system.
Restoration on this scale might not have strong impacts until a few years of recruitment have
passed to determine if the overall abundances of nekton has increased. For example,
Grabowski et al. (2005) found that restored areas surrounded by mudflats compared to other
vegetated habitats showed a greater response in the abundances of the fishes post restoration.
In the present study, water quality metrics were influencing the responses in our
observed community dynamics. Multiple variables influenced abundance, but two variables
were common among different models: site type and salinity. Given that site type is the
common effect for all the model runs for abundance, treatment effects are clearly important.
As opposed to regions at higher latitudes, Florida is considered to have two seasons, wet: May
through October and dry: November through April (Duever et al. 1994). Due to this, salinity
acted as a continuous variable for seasonality, with the summers having the lowest salinity
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values due to increased rainfall and during the winter or dry season the salinity was at its
highest. With salinity acting as a continuous variable and providing a higher resolution for
seasonality we believe that this is reason why it is one of our leading predictors. Sites restored
in 2011 have elevated abundances across the salinity gradient followed by recently restored
sites in 2019 and then the non-restored sites. In our region the species richness was highly
variable and was not best predicted by a single or set of environmental variables. However, the
other three diversity metrics were more strongly influenced by and had a negative relationship
to salinity. Shannon and Simpson diversity metrics were best predicted by the salinity alone,
where the evenness was best predicted by the additive effects of salinity and secchi disc depth.
The observed negative correlation among these diversity metrics and salinity may be influenced
by species recruitment increasing abundance during spring and summer months when salinity is
lower. The overall abundance and different diversity metrics were most influenced by salinity,
site type, and secchi disc depth.
Contrary to the observed increases in abundances, there was little to no differences in
the overall biomasses among the different treatment types (Figure 6). Over time it appears
there were slightly elevated biomasses for the restored areas, but overall, this trend was not
significant. It was thought that larger individuals that were captured such as an adult flounder,
an Atlantic stingray, adult blue crabs, and adult mullet could have influenced this finding.
However, upon their removal from analyses there was still no difference in the biomasses
between treatment types. To investigate this further the average body mass was calculated for
each individual captured and on average there were smaller individuals caught at the sites
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restored in 2011 compared to the other treatment types. The sites restored in 2011 were also
the shallowest or had the lowest total water volume fished and had higher catches compared
to non-restored sites. The smaller individuals captured at the sites restored in 2011 were
potentially due to the increased 3-dimensional structure present from the vegetative
community. This added structure possibly provided a better refuge and foraging grounds for
the smaller individuals that recruited to the area. In addition, the shallow depths of the
restored sites generally preclude larger predators from accessing prey. A concern for resource
managers regarding the non-restored condition is that larger predators have access to nursery
habitats. With the high variability in the size of each individual captured at the different sites
we were unable to determine differences in the overall biomasses among treatment types.
Some specific guilds and taxa did appear more immediately responsive to restoration
than others. When focusing on more economically important taxa, the five sport fish species,
blue crabs, and penaeid shrimps displayed a strong response to restoration such as higher
abundance at sites previously restored in 2011 (Figure 7). A possible reason for this is that the
sites restored in 2011 have a fully recruited intertidal flora community offering both the
intertidal habitat and vertical structure that these species key in on for foraging and refuge
(Donnelly In Prep). Florida has always been known to support sport fish fisheries and has been
termed the “Fishing Capital of the World” because of it. Florida is home to many different
saltwater game species or sport fish species and the five sport fish species caught for this study
help contribute to Florida’s $9.2 billion saltwater recreational fishing industry (Florida Fish and
Wildlife Conservation Commission 2019). In the state of Florida both blue crabs and penaeid
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shrimps are huge contributors to the commercial landings with Penaeid shrimps contributing
$48.9 million and Blue crabs contributing $12 million to the $3.2 billion commercial fishing
industry in Florida (Florida Fish and Wildlife Conservation Commission 2019). With the observed
increases in these economically important groups this restoration is likely increasing the
carrying capacity for these species in the study area and hopefully moving the fishery toward
sustainability.
Indicator species were also used to evaluate restoration success and determine key
differences among site types (Palmer et al. 2005; Gonzalez et al. 2013). Sites restored in 2011
and 2019 had ecologically important indicator species present. The Clown Goby was an
indicator species for sites recently restored in 2019 (Table 5, Figure 10). These sites were
characterized by shallow intertidal habitat with relatively bare substrate. The clown goby’s life
history notes that most gobies are found in higher abundances on sand or bare substrates
versus vegetative habitats; here it indicates restoration was successful in reducing elevation
below the intertidal line to allow use by fishes (Provancha and Hall 1991). The clown gobies had
increased recruitment in the winter months and when recruiting to the areas the clown gobies
preferred the sites that were recently restored (Figure 10). Clown goby abundance was
influenced by multiple environmental variables: site type, salinity, and seasonality (Table 6).
Both salinity and seasonality are stating that the clown goby abundance was at its highest
during winter recruitment months and site type is informing us of the shallow bare substrates
present post restoration. Clown Gobies, juvenile mullet, Gulf Killifishes, and Silversides are
known to be ecologically important forage fish prey of many higher trophic level species. With
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the increases of all these species at the restored areas there is an overall increase in the forage
fish for the higher trophic level species to prey on. This increase will hopefully promote an
increase in the higher trophic level species or more economically important species to help
promote a more sustainable fishery. Juvenile mullet and Gulf Killifishes are known to be
resident marsh species (Gilmore et al. 1982). One of the goals of the restoration efforts was to
promote a higher abundance of resident marsh species at the restored areas and these species
successfully recruited to those areas deeming that goal a success.
Past studies have found that nekton communities will not respond to restoration until
vegetation has had a chance to establish (Bayraktarov et al. 2016; Gittman et al. 2016). The
sites restored in 2011 had clear vegetated recruitment that resembles the natural salt marsh in
the area. Juvenile common snook recruited to these sites in large numbers and were found to
be an indicator species (Table 5, Figure 10). In Florida, common snook are an ecologically and
economically important sport fish. Common snook are valued as one of the top inshore sport
fishes in Florida and contribute to an annual $9.2 billion saltwater recreational fishing industry
in Florida (Florida Fish and Wildlife Conservation Commission 2019). The intertidal area and
increased structural complexity created attractive nursery grounds for recruiting juvenile
common snook. Gilmore et al. 1983 found that early juvenile Common Snook (under 100mm
SL) were predominantly found in freshwater and marsh habitats before moving to more
seagrass dominated habitats. In our study the majority of the Common Snook caught at the
sites restored in 2011 fell into this size class of fishes. During their recruitment period (July –
January) juvenile common snook were found in greater abundances at the 2011 restored sites
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than any other site type (Figure 10; Donnelly In Prep; Gilmore et al. 1983). Recruitment success
supports the common snook population in the region and helps protect the species from
impacts of overfishing. In 2010 the Florida common snook population was decimated by an
extreme cold event that resulted in an emergency closure of the fishery (Blewett and Stevens
2014). The increase in their preferred recruitment habitat is crucial to helping these fish fully
recover. Throughout the life history of the Common snook they prefer complex habitats such as
docks, mangroves, saltmarshes, and rocky outcroppings (Peters et al. 1998). Therefore, their
proclivity for complex structure makes the presence of the common snook an indicator of
restoration success. Common snook abundance was influenced by multiple environmental
variables: site type, total water volume fished, and salinity (Table 6). Both total water volume
fished and site type suggest snook preferred shallower intertidal areas with increased structural
complexity and salinity illustrates that during low salinity periods or their recruitment periods
abundance was highest. However, it must also be noted that several small snook specimens
were captured in newly restored sites in this study, providing further indication that restoration
effects can be positive in the short term. Overall, the indicator species for this restoration span
from the higher trophic levels (common snook) to the lower trophic level species (clown goby,
juvenile mullet, silversides, and gulf killifishes). In turn this illustrates the overarching ecological
success of this restoration project. These results identify indicator species future managers can
use to assess restoration success.
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Conclusion
The goal of this study was to determine how nekton responded to the restoration of an
impacted wetland by maximizing the amount of intertidal area. This study had the unique
opportunity to look at how the fishes and mobile decapods responded to areas that were
impacted by mosquito ditching efforts but not restored and compare those to areas that were
restored. More specifically, sites that were recently restored with little to no vegetation
present, and sites that were restored but had ample time to have a fully developed vegetative
community. The sites restored in 2011 had elevated abundances of nekton, suggesting habitat
restoration was successful. Contrary to the elevated abundances, there were no observed
differences in the overall community composition between treatment types possibly due to the
relatively small, fluid area and no major changes to the hydrology following restoration.
However, there were ecologically important indicator species for each of the restored
treatment types. The sites restored in 2011 had the common snook as an indicator species
suggesting restoration in those areas was successful. The 2019 restored sites had the clown
goby as an indicator species showing that the sites were successfully restored to a shallow
intertidal area with bare substrates. Both the restored areas had silversides, mullet, and gulf
killifishes as indicator species indicating that both the restored areas are shallow intertidal
areas that species can use as a nursery ground. The observed environmental factors played a
role in predicting abundance and diversity for the overall community and the indicator species
of the system. Salinity and site type were among the more common predictors. Salinity acted as
a continuous variable for seasonality and site type described the distinct differences among
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treatment types. Overall, this restoration project was deemed successful with elevated mean
abundances at the sites that were restored and hopefully helping to raise the carrying capacity
of the overall system.
This study was the first examine how restoring spoil piles along dragline ditches can
have positive impacts on the nekton in the system. This form of restoration provides insight on
how restoring a wetland to help maximize the overall intertidal area can help increase nekton
abundances and help promote a higher carrying capacity for the system. This study also
reinforces the idea that certain commercially and recreationally important species (sport fishes,
blue crabs, penaeid shrimp, and others) correlate with the area of wetland habitat available to
them (Turner 1977; Nixon 1980; Seaman 1985; Zimmerman et al. 2002).Commercially and
recreationally important species had elevated abundances at sites restored in 2011 probably
due to the fully recruited vegetative community. The restoration of this wetland habitat creates
nursery and foraging grounds for nekton while providing refugia from predators.
This restoration project has provided insight regarding how future natural resource
managers can maximize the amount of wetland area available to promote elevated nekton
abundances. If the goal of restoring habitats in the area is to increase the overall production of
the system, we first suggest that impacted wetlands with high elevation sediment piles be
restored. This study demonstrated that restored areas positively influenced fishes and mobile
decapods abundances and in turn likely increased the production of the area. However certain
species (e.g. sport fish) may take longer to recruit in large numbers to the system post
restoration because time is needed for the vegetative community to establish. Our results show
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that most metrics of restoration success for the fish community occur within relatively short
time frames (months) with some lag time for high abundances of certain fishery species. The
lag time is unknown because our study was limited temporally (months versus ~8yrs). For the
few sites we could assess one-year post-restoration, vegetative cover had already reached a
mean of ~30%, roughly a third or half that of the older restored sites. Over time, the newly
restored sites will likely show elevated nekton abundances, particularly for fishery species,
given sufficient time for intertidal flora to recruit and mature. For future research, flora of
various size ranges could be planted in restored areas to better assess the progression of the
nekton response to this form of restoration. Also, in areas where the habitat connectivity is
high, the results may not be as noticeable as in areas that more isolated or surrounded by bare
substrate. This project provides insight into the use of indicator species to determine
restoration success at higher trophic levels. In the future we recommend resource managers
look at different indicator species in their jurisdictions to assess restoration success. The use of
indicator species will allow managers to see if higher and lower trophic level species are
responding to habitat restoration. We also suggest that if the management goal is to use
indicator species to determine restoration success that there be less sampling effort than our
study at a given site. If the goal is to look at the indicator species one would be looking for
presence/absence of those species so if they sampled seasonally over more sites, they would
likely capture the intended target species over a greater spatial area thereby assessing
productivity more broadly. Overall, restoration strategies with the intention of maximizing the
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amount of intertidal habitat can have positive impacts on the nekton communities by
increasing abundances of commercially and ecologically important taxa.
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Chapter 4: Conclusion and Management Implications
Over the last century the Matanzas River estuary has been heavily impacted by different
anthropogenic factors. Hardening of shorelines, urbanization, and mosquito control structures
are just some of the impacts this area has experienced (Steward et al. 2005; Paperno et al.
2006). The Matanzas River estuary is a dynamic estuary comprised of different habitats such as
oyster reefs, black and red mangroves, cordgrasses, other marsh flora, and different man-made
structures (Mehta and Jones 1977; Steward et al. 2005; Paperno et al. 2006; Sheng et al. 2008).
The estuary also has a relatively high diversity of biota and its environmental factors are driven
by season and rainfall (Paperno et al. 2001; Paperno et al. 2006; Sheng et al. 2008). However,
little is known about the nekton communities and the impacts restoration and other
anthropogenic factors have on the nekton community. Currently there is a push for more the
use of ecosystem-based management strategies to understand how the ecosystem is
functioning and the role we can have in promoting a healthier ecosystem. This study system
provides a holistic view on how habitat restoration is influencing the nekton community. The
overall goal of this thesis project was to survey the fish and mobile decapod communities in the
Matanzas River estuary and assess the impacts of restoring impacted wetlands for the
secondary responses of the fishes and mobile decapods.
The survey component of the thesis helped develop a current baseline for the
abundances and community compositions of the fishes and mobile decapods of the area as a
whole and assess differences between the Gamble Rogers Memorial State Recreation Area and
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North Peninsula State Park. A total of 39,857 specimens representing 62 unique taxa were
collected from March 2019 thru June 2020 by both fyke nets and seines. A total of 131 samples
and 22,845 specimens were collected at Gamble Rogers Memorial State Recreation Area and a
total of 79 samples and 17,012 specimens were collected at North Peninsula State Park. Like
other studies bay anchovies were the most prevalent species followed by spot croaker, and
different shrimps (Paperno et al. 2001; Lewis et al. 2020). Abundance was highest in the peak
recruitment months for the area in Winter and Spring with Spot Croaker being the main
contributor to the elevated catches. These results are intriguing because a survey done in the
adjacent estuary to the south the abundances were elevated in the Spring with low catches in
the Winter, unlike the current study which observed elevated catches in the Winter months.
This suggests that spot croaker and other species may be recruiting to this area earlier and/or
our use of fyke nets over seines allowed us to sample these species when they were first
recruiting to the system and within their preferred habitat. Gear selectivity no doubt plays a
role in the differences seen between the studies. With Florida having a wet and dry season the
environmental factors were heavily influenced by the rainfall and hence salinity in the study
area. Salinity was lowest in the late Summer/early Fall months and that coincides with when
the lowest abundances of fishes and mobile decapods were observed. This suggests that during
these months there are very few species recruiting to the area, and the elevated species
evenness further suggests that the abundances of the species present were relatively similar to
one another. Contrary, the lower evenness in the Winter and Spring suggest that a few species
dominated the catches when recruitment is higher. The freshwater input for Bulow Creek
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during the wet months of the year may have contributed to the lower salinity and DO in North
Peninsula State Park. To my knowledge, this study is one of the first surveys of the Matanzas
River Estuary and the first for Gamble Rogers Memorial State Recreation Area and North
Peninsula State Park, FL. This survey provides a baseline of fishes and mobile decapod
abundances and community composition for the time period sampled and provides a better
understanding of how these communities may change over time, especially with wetland
restoration.
The Matanzas River estuary was influenced by mosquito control structures, in particular
mosquito ditches. The restoration component of this thesis had the unique opportunity to
quantify how fishes and mobile decapods responded to areas that were impacted by mosquito
ditching efforts but not restored, areas that recently underwent restoration in 2019, and areas
that were restored back in 2011 and had significant intertidal flora recruitment. The restoration
efforts comprised of leveling down high elevation spoil piles to maximize the amount of
intertidal area to help promote intertidal flora recruitment. The restoration of habitat in 2011
was deemed successful with respect to flora recruitment due to the high coverage of intertidal
flora. However, little is known about the secondary responses of higher trophic level fishes and
mobile decapods to the area. Results suggest that sites restored in 2011 had elevated
abundances of fish and decapods in relation to non-restored areas, but the sites recently
restored did not show the same trends. However, though catches were highly variable, the
recently restored sites did not differ from the other treatment types for most metrics except for
the some indicator species. Sport fishes, blue crabs, and penaeid shrimps had higher
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abundances at the sites restored in 2011 potentially due to the complex 3-dimensional
structure that native black mangroves and cordgrasses provided at these sites for both foraging
and refuge from predators. Across all treatment types the diversity metrics of fauna were
similar potentially due to the relatively small and fluid study area, the vegetation which
remained in adjacent wetlands, and an uninterrupted detrital pathway.
However, there were specific indicator species demonstrating restoration success. The
sites restored in 2011 had common snook as the indicator species. The common snook is
known to associate with areas of high structural complexity such as docks, mangroves, rocks,
and other structures (Peters et al. 1998) and is coastal wetland-dependent as small juveniles
such as most of those captured in this study. Relatively high abundances of common snook at
the sites restored in 2011 suggests these sites were successfully restored. The sites that
underwent restoration in 2019 were dominated by bare substrate and the clown goby was
identified as an indicator species. This species is known to inhabit areas with bare substrate,
potentially to minimize competition with other species in recently disturbed areas (Provancha
and Hall 1991). The presence of the clown goby at the sites restored in 2019 indicates
restoration was successful in leveling out the spoil mounds to an intertidal elevation with little
to no vegetation present. Silversides, juvenile mullet, and gulf killifish were indicator species for
sites restored in 2011 and 2019, indicating that both the restored areas are shallow intertidal
areas that species can use as a nursery grounds. Environmental factors played a large role in
predicting abundances and diversity metrics. Salinity and site type were among the more
common predictors. In this study system salinity acted as a continuous variable for seasonality
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with the lowest salinities being in the late Summer/early Fall months and site type described
the distinct differences among treatment types. The goal of this restoration effort was to
maximize the amount of intertidal area present in the system and the restoration was deemed
successful with the increased abundances of the fishes and mobile decapods observed at the
restored habitats, potentially due to the increase in available habitat.
The survey and restoration component of this study in concert provide current and
future natural resource managers with a baseline of fish and mobile decapod abundance and
community composition for the years of 2019-2020, and provide insight into how restoring
impacted wetlands by maximizing the amount of intertidal habitat can positively benefit the
fish and mobile decapod community. In the future if restoration efforts are taking place in areas
that are near or surrounded by other essential fish habitat finding here suggest the monitoring
of those areas take place on a larger timescale pre and post restoration to more accurately
quantify the effects restoration has on the species abundances and community composition.
Further we recommend future managers utilize this form or other forms of coastal restoration
that maximize the amount of intertidal area. In turn this should help promote elevated
abundances of species in the system and help move fisheries toward sustainability. In addition,
for future restoration projects we recommend the use of indicator species to help determine
restoration success. If only interested in the indicator species, sampling efforts could be
reduced from our monthly regime because one would only be concerned with the presence or
absence of specific species. However further research efforts are needed to both survey
estuarine biota and determine impacts on those biota from degraded and restored habitats.
70

This in turn will enable us to determine what management strategies can best promote and
support a healthy functioning ecosystem.
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APPENDIX: CHAPTER 3 SUPPLEMENTARY FIGURES AND TABLES
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Figure 12: Mean (± standard error) A) species richness, B) Shannon diversity, C) Simpson
diversity, and D) Pielou’s evenness of all nekton per sampling event for each treatment type.
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Figure 13: Mean (± standard error) A) water volume, B) catch per unit effort (CPUE) per m^3 of
total water volume by site types.

Figure 14: Mean (± standard error) A) biomass of all fishes and mobile decapods by site type, B)
biomass of all fishes and mobile decapods per sampling event for each treatment type over time
with 95% CI.
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Figure 15: Mean (± standard error) A) average mass of all nekton pooled and B) average mass
excluding large taxa (Flounders, Blue Crabs, and Atlantic Stingray) by site type.
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Figure 16: nMDS of species assemblages for Fall (blue circle), Spring (grey circle), Summer (green
circle), and Winter (black circle) with each dot indicating a specific sample colored by seasons.
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Figure 17: nMDS of species assemblages for Florida’s dry (blue circle) and wet (grey circle)
seasons with each dot indicating a specific sample colored by wet vs. dry seasons.
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Figure 18: Mean (± standard error) A) temperature, B) salinity, C) DO , and D) Secchi depth by
the most commonly sampled twelve sites.
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Table 8: Mean, standard deviation, and ranges for temperature, salinity, dissolved oxygen (DO), and Secchi Depth by the
twelve most commonly
Site
1A
2A
8A
7
12
13B
14
16B
4
3
5
6
Overall

Mean
26.16
26.23
26.00
26.59
26.48
25.21
24.34
24.91
26.06
25.34
25.45
25.40
25.69

Temp (°C)
SD
Range
5.49 16.80- 35.20
5.65 14.50 - 34.80
5.52 16.80 - 34.20
5.32 17.90 - 33.90
5.43 17.50 - 33.80
4.99 17.60 - 33.80
4.43 15.80 - 29.60
5.06 14.40 - 32.40
5.16 16.00 - 33.30
5.07 16.50 - 32.80
4.98 17.20 - 32.80
5.18 16.40 - 33.10
5.24 14.40 - 35.20

Mean
28.56
28.22
28.87
28.06
27.82
28.48
29.59
27.91
26.40
26.47
26.19
26.02
27.64

Salinity (ppt)
SD
Range
5.48 16.00 - 35.00
5.47 16.00 - 34.00
5.85 16.00 - 35.00
6.16 14.00 - 34.36
5.95 16.00 - 34.29
4.72 16.00 - 34.24
3.57 21.93 - 33.48
5.11 16.00 - 34.00
5.92 14.00 - 34.00
5.67 15.00 - 33.86
5.46 16.00 - 33.88
5.53 16.00 - 34.03
5.58 14.00 - 35.00
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Mean
7.50
6.57
6.84
7.92
7.61
7.41
7.25
6.58
6.92
6.14
5.98
5.71
6.82

DO (mg/L)
SD
Range
1.39
4.49 - 9.81
1.33
3.90 - 9.17
1.57
3.22 - 9.05
1.14
4.55 - 9.19
1.16
4.83 - 9.20
1.13
4.78 - 9.12
1.04
5.37 - 9.21
1.07
4.87 - 8.69
1.39
3.09 - 9.16
1.16
3.91 - 8.08
1.56
2.77 - 8.70
1.63
2.41 - 8.34
1.48
2.41 - 9.81

Mean
0.58
0.54
0.48
0.56
0.58
0.60
0.52
0.49
0.51
0.64
0.57
0.55
0.55

Secchi Depth (m)
SD
Range
0.13
0.40 - 0.86
0.17
0.28 - 0.92
0.11
0.32 - 0.7
0.07
0.46 - 0.67
0.09
0.46 - 0.8
0.12
0.42 - 0.82
0.10
0.32 - 0.66
0.14
0.18 - 0.68
0.09
0.28 - 0.64
0.14
0.44 - 0.97
0.13
0.39 - 0.84
0.10
0.39 - 0.76
0.13
0.18 - 0.97

Table 9: AIC table of environmental variables for response variables of abundance, species
richness, Shannon diversity, Simpson diversity, and Pielou’s evenness for fyke net sampling sites.
AICc, delta AICc, degrees of freedom and the weight of the AICc score, and r-squared are
presented. Fourseasons = Spring, Summer, Fall, Winter; Wetvsdry = Florida’s wet and dry
seasons; Watervolume = Total water volume fished at each site; oysterdist = distance to nearest
oyster reef sampled sites

.

GLM's Abundance
sitetype+salinity+fourseason
sitetype+salinity+temp
sitetype+salinity
sitetype+salinity+wetvsdry
sitetype+salinity+watervolume
salinity
null
GLM's Species Richness~
watervolume
watervolume+temp
null
salinity+watervolume
secchi
DO
temp
GLM's Shannon Diversity
salinity
salinity+watervolume
salinity+temp
salinity+temp+DO+watervolume+secchi
sitetype
null
GLM's Simpson Diversity
salinity
salinity+watervolume
salinity+temp
salinity+temp+DO+watervolume+secchi
sitetype
null
GLM's Evenness
salinity+secchi
salinity+temp+DO+watervolume+secchi
salinity+temp
salinity
salinity+watervolume
null

dAICc
0
1.4
1.6
2
3.4
9.4
22

df
8
6
5
6
6
3
2

weight
0.3742
0.1887
0.1702
0.1349
0.0686
0.0034
<0.001

R^2
0.0768
0.0696
0.0659
0.0681
0.0666
0.0725

0
1.3
1.7
1.8
3.2
3.2
3.2

3
4
2
4
3
3
3

0.256
0.135
0.108
0.106
0.051
0.051
0.051

0.01599
0.01488

0
0.7
2.1
4.4
11.1
11.8

3
4
4
7
4
2

0.4449
0.3196
0.157
0.0501
0.0017
0.0012

0.07149
0.07374
0.0661

0
1
1.9
3.1
13.7
16.3

3
4
4
7
4
2

0.43
0.26
0.167
0.092
<0.001
<0.001

0.09567
0.09605
0.09142

0
4.5
5.3
6.2
8.2
23.5

4
7
4
3
4
2

0.8025
0.0829
0.0579
0.0361
0.0135
<0.001

0.1379
0.132
0.1113
0.1009
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0.01213
0.002468

Figure 19: Graphical depiction of Bayesian output for abundance being predicted by the additive
effects of salinity and site type with 95% CI. Post-Restore = 2019 Restore sites.
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Table 10: AIC table of environmental variables for response variables of Indicator species (Clown
Goby, Common Snook, Silversides, Juvenile mullet, and Gulf Killifish) abundance for fyke net
sampling sites. AICc, delta AICc, degrees of freedom and the weight of the AICc score, and rsquared are presented. Fourseasons = Spring, Summer, Fall, Winter; Wetvsdry = Florida’s wet
and dry seasons; Watervolume = Total water volume fished at each site; oysterdist = distance to
nearest oyster reef.
GLM's Clown Goby Abundance
sitetype+salinity+fourseason
sitetype+salinity+temp+domg+watervolume
+secchi+fourseason
sitetype
sitetype+watervolume
sitetype+salinity
sitetype+salinity+wetvsdry
sitetype+salinity+temp
GLM's Common Snook Abundance
sitetype+oystedist+watervolume+salinity
sitetype+salinity+watervolume
sitetype+oysterdist+watervolume
sitetype+watervolume
sitetype+salinity+fourseason
sitetype*salinity
sitetype+salinity
GLM's Silverside Abundance
sitetype+watervolume
sitetype+oysterdist+watervolume
sitetype+salinity+watervolume
sitetype+oysterdist+watervolume
watervolume
oysterdist+watervolume
fourseason+oysterdist+watervolume
GLM's Juvenile Mullet Abundance
sitetype+salinity+fourseason
sitetype+salinity+watervolume
sitetype+salinity
sitetype+salinity+temp
fourseason+oysterdist+watervolume
sitetype*salinity
watervolume
GLM's Gulf Killifish Abundance
Sitetype*salinity
sitetype+watervolume
sitetype
sitetype+salinity+watervolume
sitetype+salinity
sitetype+salinity+temp
null

dAICc
0

df
8

weight
0.8927

Adjusted R^2
0.2069615

4.4
11.4
13.3
13.4
14.5
15

12
4
5
5
6
6

0.1001
0.003
0.0012
0.0011
<0.001
<0.001

0.2221626
0.09761323

0
1
2.1
3.5
14.7
15.5
16.2

7
6
6
5
8
7
5

0.469
0.288
0.16
0.081
<0.001
<0.001
<0.001

0.1639393
0.1897634
0.1539689

0
2
2
4
7.8
9.5
12.5

5
6
6
7
3
4
7

0.5242
0.1961
0.1918
0.0719
0.0103
0.0045
0.001

0.5262985
0.5331670
0.5273632

0
2.1
3.2
3.3
4.4
6.4
10.8

8
6
5
6
7
7
3

0.5209
0.1817
0.1071
0.1009
0.0574
0.0217
0.0023

0.7338177
0.630268
0.5974531

0
0.8
1.3
1.5
1.9
2.1
8.4

7
5
4
6
5
6
2

0.2238
0.1499
0.1193
0.1084
0.0873
0.0782
0.0033

0.4677891
0.1989475
0.1675497
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